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OGCCTCTAQCGACYTTACTAGAAAA ATO AAA OCT GAT GAA ACT OCT ATC TIT GAC CCA ACT CTA 39 
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CTC AAA GAA OTO OAC TOT AGT CAO AAT ACA OCT ACA TTT TCT CCA OCC ATT TCC CCA ACA 99 

HPGECLVLRPLCTAOLNROF S3 

CAT OCT OCA GAA OGC TTG CTT TTC AOS OCT CTT TOT ACT OCT OAC TTA AAT AGA OCT TTT 159 

PKVLGQLTETGVVS PEQFMK 73 

TTT AAO OTA TTG GOT CAG CTA ACA GAG ACT GGA GTT GTC AOC CCT GAA CAA TTT ATG AAA 219 
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TCT TTT GAG CAT ATG AAG AAA TCT OGG GAT TAT TAT GTT ACA GTT GTA GAA GAT GTG ACT 279 

LGQIVATATLIIEHKPIHSC 113 

CTA GGA CAO ATT GTT OCT ACQ OCA ACT CTC ATT ATA GAA CAT AAA TTC ATC CAT TCC TGT 339 



(57) Abstract: The invention provides 
— isolated nucleic acids molecules,.designated_ 
transferase nucleic acid molecules, which 
encode novel transferase family members. 
The invention also provides anlisense 
nucleic acid molecules, recombinant 
expression vectors containing transferase 
nucleic acid molecules, host cells into 
which the expression vectors have been 
introduced, and nonhuman transgenic 
animals in which a transferase gene has 
been introduced or disrupted. The invention 
still further provides isolated transferase 
proteins, fusion proteins, antigenic peptides 
and anti -transferase antibodies. Diagnostic 
methods utilizing compositions of the 
invention arc also provided. 
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OGC AAA TTG TTA TTA TCA ACC CTT ACT TTG CTA AGC AAG AAA CTO AAC TGT TAC AAG ATT 459 
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ACC CTT GAA TOT CTA CCA CAA AAT GTT GGT TTC TAT AAA AAG TTT GGA TAT ACT GTA TCT 519 
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GAA GAA AAC TAC ATG TGT COG ACC TTT CTA AAC TAA 
SEQUENCE ID NO: lit 

AAATCTTGTAAGAAAATTCTCAAAGCGG 



185 
555 



AGCCGAGTGACCTCCATAAATACTGGACTGAA 

ATGCTGTGAATTTAGATTACAAATGAATATTATA 



WO 01/64904 A2 UHHIIIIIIIIIIIMII 



patent (AT, BK, CH, CY, DK, DK, KS, FI, FR, GB, GR, IK, For two-letter codes and other abbreviations, refer to the "Guid- 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, ance Notes on Codes and Abbreviations" appearing at the begin- 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette. 



Published: 

— without international search report and to be republished 
upon receipt of that report 



WO 01/64904 



PCT/US01/06463 



25324, 50287, 28899, 47007, AND 42967 TRANSFERASE FAMILY MEMBERS 

AND USES THEREFOR 

Field of the Invention 

5 The present invention relates to polynucleotides encoding human transferase 

proteins, and transferase proteins encoded by such polynucleotides. 

Background of the Invention 

Transferases catalyze the transfer of one molecular group from one molecule to 
10 another. Such molecular groups include phosphate, amino, methyl, acetyl, acyl, 
phosphatidyl, phosphoribosyl, among other groups. 

Transferases that transfer amino groups are known as aminotransferases or 
transaminases. Aminotransferases are enzymes that catalyze the transfer of amino groups 
from -amino to -keto acids. The -amino groups of the 20 commonly found L-amino acids 

15 are removed during oxidative degradation of the amino acids. Removal of the -amino 
groups is the first step in the catabolism of the amino acids, and is promoted by an 
aminotransferase. In these transamination reactions, the -amino group is transferred to the - 
carbon atom of -ketoglutarate, leaving behind the corresponding -keto acid analog of the 
amino acid. There is no net deamination in such reactions because the -ketoglutarate 

20 becomes aminated as the -amino acid is deaminated. The effect of transamination reactions 
is to collect the amino groups from many different amino acids in the form of only one 
chemical compound, namely, L-glutamate. Glutamate can then direct amino groups either 
into biosynthetic pathways or into a final sequence of reactions by which nitrogenous waste 
products are produced and then excreted. 

25 Cells contain multiple aminotransferases, many of which are specific for - 

ketoglutarate as the amino group acceptor. Aminotransferases differ in their specificity for 
the other substrate (the L-amino acid that donates the amino group) and are named for the 
amino group donor. The reactions catalyzed by the aminotransferases are freely reversible. 
Aminotransferases play a role in clinically significant physiological activities. For 

30 example, measurements of alanine aminotransferase and aspartate aminotransferase levels 
in blood serum is an important diagnostic procedure in medicine as an indicator of heart 
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damage and to monitor recovery from the damage. 

Another example of an aminotransferase is the enzyme kymirenine 
aminotransferase, known in the art as KAT, which catalyzes the biosynthesis ofkynurenic 
acid (KYNA) from kynurenine (KYN) and is singularly responsible for the regulation of 
5 extracellular KYNA concentrations in the brain (J. Neurochem., 57, 533-540, 1991). 

KYNA is an effective excitatory amino acid (EAA) receptor antagonist with a 
particularly high affinity to the glycine modulatory site of the N-methyl-D-aspartate 
(NMDA) receptor complex (J. Neurochem., 52, 1319-1328, 1989). As a naturally 
occurring brain metabolite (J. Neurochem., 51, 177-180, 1988 and Brain Res., 454, 164- 
10 169, 1988), KYNA probably serves as a negative endogenous modulator of cerebral 
glutamatergic function (Ann. N.Y. Acad. Sci., vol. 648, p. 140-153, 1992). 

EAA receptors and in particular NMDA receptors are known to play a central role 
in the function of the mammalian brain (J. C. Watkins and G. L. Collingridge ~eds.~, In: 
The NMDA receptor, Oxford University press, Oxford, p. 242, 1989). For example, 
1 5 NMDA receptor activation is essential for cognitive processes, such as, for example, 
learning and memory (J. C. Watkins and G. L. Collingridge -eds.-, In: The NMDA 
receptor, Oxford University press, Oxford, p. 137-151, 1989) and for brain development 
(Trends Pharmacol. Sci., 11, 290-296, 1990). 

It follows TtHat a~rei ducfion mNMDA receptor fonction will have detrimental 
20 consequences for brain physiology and, consequently, for the entire organism. For example, 
the decline in the number of NMDA receptors which occurs in the aged brain (Synapse, 6, 
343-388, 1990) is likely associated with age-related disorders of cognitive functions. 

In the brain, KYNA concentrations and the activity of KYNA's biosynthetic enzyme 
KAT show a remarkable increase with age (Brain Res. 558, 1-5, 1992 and Neurosci. Lett., 
25 94, 145-150, 1988). KAT inhibitors, by providing an increase of the glutamatergic tone at 
the NMDA receptor, could therefore be particularly useful in situations where NMDA 
receptor function is insufficient and/or KAT activity and KYNA levels are abnormally 
enhanced. Hence they could be particularly useful in the treatment of the pathological 
consequences associated with the aging processes in the brain which are, for example, 
30 cognitive disorders including, e.g., attentional and memory deficits and vigilance 
impairments in the elderly. 
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KAT inhibitors may also be useful in the treatment of perinatal brain disorders 
which may be related to irregularities in the characteristic region specific pattern of 
postnatal KAT development (H. Baran and R. Schwarcz: Regional differences in the 
ontogenic pattern of KAT in the brain, Dev. Brain Res., 74, 283-286, 1993). 
5 Aminotransferases share certain mechanistic features with pyridoxai-phosphate 

dependent enzymes, such as the covalent binding of the pyridoxai-phosphate group to a 
lysine residue. On the basis of sequence similarity, these various enzymes can be grouped 
into subfamilies. One of these, called class-I, comprises the following enzymes; aspartate 
aminotransferase (AAT), which catalyzes the reversible transfer of the amino group from L- 

10 aspartate to 2-oxoglutarate to form oxaloacetate and L-glutamate (In eukaryotes, there are 
two AAT isozymes: one is located in the mitochondrial matrix, the second is cytoplasmic. 
In prokaryotes, only one form of AAT is found (gene aspC); tyrosine aminotransferase 
which catalyzes the first step in tyrosine catabolism by reversibly transferring its amino 
group to 2-oxoglutarate to form 4-hydroxyphenylpyruvate and L-glutamate; aromatic 

15 aminotransferase involved in the synthesis of Phe, Tyr, Asp and Leu (gene tyrB); 1- 

aminocyclopropane-l-carboxylate synthase (ACC synthase) from plants, which catalyzes 
the first step in ethylene biosynthesis; Pseudomonas denitrificans cobC, which is involved 
in cobalamin biosynthesis; and yeast hypothetical protein YJL060w. 

Another sub-family, called class-H, comprises the following enzymes: glycine 

20 acetyltransferase, which catalyzes the addition of acetyl-CoA to glycine to form 2-amino-3- 
oxobutanoate (gene kbl); 5-aminolevulinic acid synthase (delta-ALA synthase), which 
catalyzes the first step in heme biosynthesis via the Shemin (or C4) pathway, i.e. the 
addition of succinyl-CoA to glycine to form 5- aminolevulinate; 8-amino-7-oxononanoate 
synthase (7-KAP synthetase), a bacterial enzyme (gene bioF) which catalyzes an 

25 intermediate step in the biosynthesis of biotin, that is, the addition of 6-carboxy-hexanoyl- 
CoA to alanine to form 8-amino-7-oxononanoate; histidinol-phosphate aminotransferase, 
which catalyzes the eighth step in histidine biosynthetic pathway, that is the transfer of an 
amino group from 3-(imidazol-4-yl)-2-oxopropyl phosphate to glutamic acid to form 
histidinol phosphate and 2-oxoglutarate; serine palmitoyltransferase from yeast (genes 

30 LCB1 and LCB2), which catalyzes the condensation of palmitoyl-CoA and serine to form 
3- ketosphinganine. 
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The sequence around the pyridoxal-phosphate attachment site of this class of 
enzyme is sufficiently conserved to allow the creation of a specific pattern. 

The group of acyltransferases includes enzymes like bacterial malonyl CoA-acyl 
carrier protein transacylase and fatty acid synthase that are involved in fatty acid biosynthes. 
5 Also included are the polyketide synthases 6-methylsalicylic acid synthase and a 
multifunctional enzyme that involved in the biosynthesis of patulin and conidial green 
pigment synthase. This family also contains acyltransferases involved in phospholipid 
biosynthesis and includes tafazzin, the Barth syndrome gene. 

The acetyltransferase (GNAT) family contains proteins with N-acetyltransferase 
10 functions. The GCN5-related N-acetyltransferase superfamily includes such enzymes as the 
histone acetyltransferases GCN5 and Hatl. The yeast GCN5 (yGCN5) transcriptional 
coactivator functions as a histone acetyltransferase (HAT) to promote transcriptional 
activation. The crystal structure of the yeast histone acetyltransferase Hatl -acetyl coenzyme 
A (AcCoA) shows that Hatl has an elongated, curved structure, and the AcCoA molecule is 
15 bound in a cleft on the concave surface of the protein, marking the active site of the 

enzyme. A channel of variable width arid depth that runs across the protein is probably the 
binding site for the histone substrate . The central protein core associated with AcCoA 
binding that appears to be structurally conserved among a superfamily of N- 
acetyltransferases, including yeast histone acetyltransferase 1 and Serratia marcescens 
20 aminoglycoside 3-N-acetyltransferase. 

Some detoxification reactions are catalyzed by enzymes that promote acetylation of 
aminoglycosides. Structural studies of these aminoglycoside-modifying enzymes may assist 
in the development of therapeutic agc-nts that could circumvent antibiotic resistance. In 
addition, such studies may shed light on the development of antibiotic resistance and the 
25 evolution of different enzyme classes. 

Another transferase, phosphotidyl transferase has been reported as being involved in 
the biosynthesis of phosphatidyl-scyllo-inositol found in barley, presumably in the transfer 
of the phosphotidyl group from one molecular entity to another. Carstensen, S. et al 9 
Lipids 34(l):67-73 1993. 
30 Phosphoribosyltransferases (PRT) are enzymes that catalyze the synthesis of beta-n- 
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5-monophosphates from phosphoribosylpyrophosphate (PRPP) and an enzyme specific 
amine. A number of PRTs are involved in the biosynthesis of purine, pyrimidine, and 
pyridine nucleotides, or in the salvage of purines and pyrimidines. These enzymes are: 
adenine phosphoribosyltransferase (APRT), which is involved in purine salvage; 
5 hypoxanthine-guanine or hypoxanthine phosphoribosyltransferase (HGPRT or HPRT), 
which are involved in purine salvage; orotate phosphoribosyltransferase (OPRT), which is 
involved in pyrimidine biosynthesis; amido phosphoribosyltransferase, which is involved in 
purine biosynthesis; xanthine-guanine phosphoribosyltransferase (XGPRT), which is 
involved in purine salvage. In the sequence of all of these enzymes there is a small 
1 0 conserved region which may be involved in the enzymatic activity and/or be part of the 
PRPP binding site. 

Summary of the Invention 

The present invention is based, at least in part, on the discovery of transferase 
1 5 family members, referred to herein as "transferase" or "25324, 50287, 28899, 47007, or 
42967" nucleic acid and protein molecules. The transferase molecules of the present 
invention are useful as modulating agents, or as targets for developing modulating agents to 
regulate a variety of cellular processes facilitated by transferase molecules. Accordingly, in 
one aspect, this invention provides isolated nucleic acid molecules encoding transferase 
proteins or biologically active portions thereof, as well as nucleic acid fragments suitable as 
primers or hybridization probes for the detection of transferase-encoding nucleic acids. 

One aspect of the invention relates to an aminotransferase as well as the nucleic 
acids that encode it. In particular, the 25324 aminotransferase has homology to kynurenine 
aminotransferase, also known as kynurenineAaminoadipate aminotransferase or 
kynurenine-oxoglutarate aminotransferase. In accordance with this aspect of the invention, 
the aminotransferase, or polynucleotides encoding it, may be used to catalyze the 
biosynthesis of kynurenic acid (KYNA) from kynurenine (KYN). Such use permits the 
production of KYNA for applications as an EAA receptor antagonist and to act as a 
negative endogenous modulator of cerebral glutamatergic function. 

The 25324 aminotransferase of the invention may also be used in screens to identify 
new inhibitors of KYNA biosynthesis, which could be advantageous in cases where NMDA 
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receptor function is insufficient and/or where biosynthetic activity br KYN levels are 
abnormally high. Such inhibitors .would be expected to be of particular utility in treatment 
of cognitive disorders such as attention and memory deficits. 

The 47007 transferase has homology to phosphotidyl transferase, which has been 
5 reported as being involved in the biosynthesis of phosphatidyl-scyllo-inositol. Carstensen, 
S. et ai, Lipids 34(l):67-73 1993. In accordance with this aspect of the invention, the 
47007 transferase, or polynucleotides encoding it, may be the human analog of the reported 
phosphotidyl transferase and maybe used to catalyze reactions analogous to the 
biosynthesis ofphosphatidol-scyllo-inositol. 

10 In one embodiment, a transferase nucleic acid molecule of the invention is at least 

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, 99%, or more identical to 
the nucleotide sequence (e.g., to the entire length of the nucleotide sequence) shown in 
SEQ ID NO: 1, 3, 5, 7, or 9, or a complement thereof. 

In another embodiment, the isolated nucleic acid molecule includes the nucleotide 

1 5 sequence shown SEQ ID NO: 1 , 3, 5, 7, or 9, or a complement thereof. In another 

embodiment, the 25324 nucleic acid molecule includes at least one fragment of at least 301 
or 1754 nucleotides (e.g., 301 or 1754 contiguous nucleotides) of at least one nucleotide 
sequence of SEQ ID NO:l or a complement thereof; the 50287 nucleic acid molecule 
includes at least one fragment of at least 654 nucleotides (e.g., 654 contiguous nucleotides) 

20 of at least one nucleotide sequence of SEQ ID NO:3 or a complement thereof; the 28899 
nucleic acid molecule includes at least one fragment of at least 867 nucleotides (e.g., 867 
contiguous nucleotides) of at least one nucleotide sequence of SEQ ID NO:5 or a 
complement thereof; the 47007 nucleic acid molecule includes at least one fragment of at 
least 25 nucleotides (e.g., 25 contiguous nucleotides) of at least one nucleotide sequence of 

25 SEQ ID NO:7 or a complement thereof; or the 42967 nucleic acid molecule includes at 
least one fragment of at least 25 nucleotides (e.g., 25 contiguous nucleotides) of at least one 
nucleotide sequence of SEQ ID NO:9 or a complement thereof. 

In still another embodiment, a transferase nucleic acid molecule includes a 
nucleotide sequence encoding a protein having an amino acid sequence sufficiently 
- 30 homologous to the amino acid sequence of SEQ ID NO:2, 4, 6, 8, or 10. In one 

embodiment, a transferase nucleic acid molecule includes a nucleotide sequence encoding a 
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protein having an amino acid sequence at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%, 95%, 98% or more identical to the entire length of the amino acid sequence of 
SEQIDNO:2, 4, 6, 8, or 10. 

In another embodiment, an isolated nucleic acid molecule encodes the amino acid 
5 sequence of human transferase. In yet another embodiment, the nucleic acid molecule 
includes a nucleotide sequence encoding a protein having the amino acid sequence of SEQ 
IDNO:2, 4, 6, 8, or 10. 

In yet another embodiment, the 25324 nucleic acid molecule is, in length, at least 
1275 nucleotides (e.g., 1275 contiguous nucleotides) of at least one nucleotide sequence of 
10 SEQ ID NO: 1 or a complement thereof; the 50287 nucleic acid molecule is at least 552 
nucleotides (e.g., 552 contiguous nucleotides) of at least one nucleotide sequence of SEQ 
ID NO:3 or a complement thereof; the 28899 nucleic acid molecule is at least 1 128 
nucleotides (e.g., 1128 contiguous nucleotides) of at least one nucleotide sequence of SEQ 
ID NO:5 or a complement thereof; the 47007 nucleic acid molecule is at least 1269 

1 5 nucleotides (e.g., 1269 contiguous nucleotides) of at least one nucleotide sequence of SEQ 
ID NO:7 or a complement thereof; or the 42967 nucleic acid molecule is at least 519 
nucleotides (e.g., 519 contiguous nucleotides) of at least one nucleotide sequence of SEQ 
ID NO:9 or a complement thereof. In a further preferred embodiment, the nucleic acid 
molecule has the length set forth immediately above and encodes a protein having a 

20 transferase activity as described herein. 

Another embodiment of the invention features nucleic acid molecules, preferably 
transferase nucleic acid molecules, which specifically detect transferase nucleic acid 
molecules relative to nucleic acid molecules encoding non-transferase proteins. For 
example, in one embodiment, such a nucleic acid molecule is at least 50, 60, 70, 80, 90, 

25 100, 150, 200, 300, 400, 500, 549, 549-600, (for SEQ ID NO:l, 3, 5, 7, 9) 600-650, 650- 
700, 700-750, 750-800, 800-850, 850-900, 900-950, 950-1000, (for SEQ ID NO:l, 3, 5, 7) 
1000-1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500, 1500-1600, 1600-1700, 1700- 
1800, (for SEQ ZD NO:l, 5, 7) 1800-1900, 1900-2000, 2000-2100, 2100-2200, 2200-2300, 
2300-2400, 2400-2500, 2500-2600, 2600-2700, 2700-2800, 2800-2900, 2900-3000, 3000- 

30 3100, 3100-3200, 3200-3300, 3300-3400, 3400-3500, 3500-3600, 3600-3700, 3700-3800, 
3800-3900, 3900-4000, 4000-4100, 4100-4200, 4200-4300, 4300-4400, 4400-4500, 4500- 
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4600, 4600-4700, 4700-4800, 4800-4900, 4900-5000, 5000-5100, 5100-5200, 5200^5300, 
5300-5400, (for SEQ ID NO:7) or more nucleotides in length and hybridizes under 
stringent conditions to a nucleic acid molecule comprising the nucleotide sequence shown 
inSEQE)NO:l,3, 5, 7, or 9. 
5 In other embodiments, the nucleic acid molecule encodes a naturally occurring 

allelic variant of a polypeptide comprising the amino acid sequence of SEQ ID NO:2, 4, 6, 
8, or 10, wherein the nucleic acid molecule hybridizes to a nucleic acid molecule 
comprising SEQ ID NO:l, 3, 5, 7, or 9 under stringent conditions. 

Another embodiment of the invention provides an isolated nucleic acid molecule 
10 which is antisense to a transferase nucleic acid molecule, e.g., the coding strand of a 
transferase nucleic acid molecule (SEQ ID NOs: 1 1-15 excluding the terminal codon). 

In a related aspect, the invention provides a vector comprising a transferase nucleic 
acid molecule. In certain embodiments, the vector is a recombinant expression vector. In 
another embodiment, the invention provides a host cell containing a vector of the invention. 
15 In yet another embodiment, the invention provides a host cell containing a nucleic acid 
molecule of the invention. The invention also provides a method for producing a protein, 
preferably a transferase protein, by culturing in a suitable medium, a host cell, e.g., a 
mammalian host cell, such as a non-human mammalian cell, of the invention containing a 
recombinant expression vector, such that the protein is produced. 
20 Another aspect of this invention features isolated or recombinant transferase 

proteins and polypeptides. In one embodiment, the isolated transferase protein includes at 
least one domain as shown in Figures 2, 3, 5, 6, 8, 9, 11, 12, 14, and 15. 

hi other embodiments, the transferase protein of the invention has an amino acid 
sequence at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 
25 more identical to the amino acid sequence of SEQ ID NO:2, 4, 6, 8, or 10. In another 
embodiment, the transferase protein includes at least one domain as shown in Figures 2, 3, 
5, 6, 8, 9, 1 1, 12, 14, and 15, and has an amino acid sequence at least about 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or more identical to the amino acid 
sequence of SEQ ID NO:2, 4, 6, 8, or 10. 
30 In another embodiment, the transferase proteins of the invention play a role in cell 

growth and cell processes facilitated by transferase proteins, e.g., the regulation of cell. 
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proliferation, differentiation, migration, and apoptosis; modulate angiogenic processes; are 
involved in controlling inflammation; or are involved in cardio-vascular disorders. 

In other embodiments, the transferase proteins of the invention are encoded by a 
nucleic acid molecule having a nucleotide sequence which hybridizes under stringent 
5 hybridization conditions to a nucleic acid molecule comprising the nucleotide sequence of 
SEQIDNO:l,3,5,7,or9. 

In a further embodiment, the invention features an isolated transferase protein 
which is encoded by a nucleic acid molecule consisting of a nucleotide sequence at least 
about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or more identical to a 

1 0 nucleotide sequence of SEQ ID NO: 1 , 3, 5, 7, or 9, or a complement thereof. This 

invention further features an isolated transferase protein which is encoded by a nucleic acid 
molecule consisting of a nucleotide sequence which hybridizes under stringent 
hybridization conditions to a nucleic acid molecule comprising the nucleotide sequence of 
SEQ ID NO:l, 3, 5, 7, or 9, or a complement thereof. In still another embodiment, the 

15 transferase protein has the amino acid sequence of SEQ ID NO:2, 4, 6, 8, or 10. 

In another embodiment, the invention features fragments of the protein having the 
amino acid sequence of SEQ ID NO:2, 4, 6, 8, or 10, wherein the fragment comprises at 
least 15 amino acids (e.g., contiguous amino acids) of the amino acid sequence of SEQ ID 
NO:2, 4, 6, 8, or 10, and the fragment comprises preferably at least 20, 25, 30, 35, 40, 45, 

20 50, 65, 100, 130, 160-170 (for SEQ ID NO:2, 4, 6, 8, 10), 170-180 (for SEQ ID NO:2, 4, 6, 
8), 180-210, 210-230, 230-250, 250-265, 265-280, 280-300, 300-315, 315-330, 330-350, 
350-375, (for SEQ ID NO:2, 6, 8), 375-400, or 400-420, (for SEQ ID NO:2, 8) amino 
acids. 

The proteins of the present invention or portions thereof, e.g., biologically active 
25 portions thereof, can be operatively linked to a non-transferase polypeptide (e.g., 

heterologous amino acid sequences) to form fusion proteins. In addition, the transferase 
proteins or biologically active portions thereof can be incorporated into pharmaceutical 
compositions, which optionally include pharmaceutically acceptable carriers. 

The invention further features antibodies, such as monoclonal or polyclonal 
30 antibodies, that specifically bind proteins of the invention, preferably transferase proteins. 



WO 01/64904 



PCT/US01/06463 



In another aspect, the present invention provides a method for detecting the 
presence of a transferase nucleic acid molecule, protein or polypeptide in a biological 
sample by contacting the biological sample with an agent capable of detecting a transferase 
nucleic acid molecule, protein or polypeptide such that the presence of a transferase nucleic 
5 acid molecule, protein or polypeptide is detected in the biological sample. 

In another aspect, the present invention provides a method for detecting the 
presence of transferase activity in a biological sample by contacting the biological sample 
with an agent capable of detecting an indicator of transferase activity such that the presence 
of transferase activity is detected in the biological sample. 

10 In another aspect, the invention provides a method for modulating transferase 

activity comprising contacting a cell capable of expressing transferase with an agent that 
modulates transferase activity such that transferase activity in the cell is modulated In one 
embodiment, the agent inhibits transferase activity. In another embodiment, the agent 
stimulates transferase activity. In one embodiment, the ageitf is an antibody that 

15 specifically binds to a transferase protein. In another embodiment, the agent modulates 
expression of transferase by modulating transcription of a transferase gene or translation of 
a transferase mRNA. In yet another embodiment, the agent is a nucleic acid molecule 
having a nucleotide sequence that is antisense to the coding strand of a transferase mRNA 
or a transferase gene. 

20 Another aspect of the present invention features methods to treat a subject having a 

disorder characterized by aberrant transferase protein or nucleic acid expression or activity 
by administering an agent which is a transferase modulator to the subject. In one 
embodiment, the transferase modulator is a transferase protein. In another embodiment the 
transferase modulator is a transferase nucleic acid molecule. In yet another embodiment, 

25 the transferase modulator is a peptide, peptidomimetic, or other small molecule. 

Examples of cellular proliferative and/or differentiative disorders include cancer, 
e.g., carcinoma, sarcoma, metastatic disorders or hematopoietic neoplastic disorders, e.g., 
leukemias. A metastatic tumor can arise from a multitude of primary tumor types, 
including but not limited to those of prostate, colon, lung, breast and liver origin. 

30 Aberrant expression and/or activity of transferase molecules may mediate disorders 

associated with bone metabolism. "Bone metabolism" refers to direct or indirect effects in 
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the formation or degeneration of bone structures, e.g., bone formation, bone resorption, etc., 
which may ultimately affect the concentrations in serum of calcium and phosphate. This 
term also includes activities mediated by transferase molecules effects in bone cells, e.g. 
osteoclasts and osteoblasts, that may in turn result in bone formation and degeneration. For 
5 example, transferase molecules may support different activities of bone resorbing 
osteoclasts such as the stimulation of differentiation of monocytes and mononuclear 
phagocytes into osteoclasts. Accordingly, transferase molecules that modulate the 
production of bone cells can influence bone formation and degeneration, and thus may be 
used to treat bone disorders. Examples of such disorders include, but are not limited to, 

10 osteoporosis, osteodystrophy, osteomalacia, rickets, osteitis fibrosa cystica, renal 
osteodystrophy, osteosclerosis, anticonvulsant treatment, osteopenia, fibrogenesis- 
imperfecta ossium, secondary hyperparathyroidism, hypoparathyroidism, 
hyperparathyroidism, cirrhosis, obstructive jaundice, drug induced metabolism, medullary 
carcinoma, chronic renal disease, rickets, sarcoidosis, glucocorticoid antagonism, 

15 malabsorption syndrome, steatorrhea, tropical sprue, idiopathic hypercalcemia and milk 
fever. 

The transferase nucleic acid and protein of the invention can be used to treat and/or 
diagnose a variety of immune disorders. Exemplary immune disorders include 
hematopoietic neoplastic disorders. As used herein, the term "hematopoietic neoplastic 

20 disorders" includes diseases involving hyperplastic/neoplastic cells of hematopoietic origin, 
e.g., arising from myeloid, lymphoid or erythroid lineages, or precursor cells thereof. 
Preferably, the diseases arise from poorly differentiated acute leukemias, e.g., erythroblastic 
leukemia and acute megakaiyoblastic leukemia. Additional exemplary myeloid disorders 
include, but are not limited to, acute promyeloid leukemia (APML), acute myelogenous 

25 leukemia (AML) and chronic myelogenous leukemia (CML) (reviewed in Vaickus, L. 
(1991) CritRev. in Oncol/Hemotol 11:267-97); lymphoid malignancies include, but are 
not limited to acute lymphoblastic leukemia (ALL) which includes B-lineage ALL and T- 
lineage ALL, chronic lymphocytic leukemia (CLL), prolymphocyte leukemia (PLL), hairy 
cell leukemia (HLL) and Waldenstrom's macroglobulinemia (WM). Additional forms of 

30 malignant lymphomas include, but are not limited to non-Hodgkin lymphoma and variants 
thereof, peripheral T cell lymphomas, adult T cell leukemia/lymphoma (ATL), cutaneous 
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T-cell lymphoma (CTCL), large granular lymphocytic leukemia (LGF), Hodgkin's disease 
and Reed-Sternberg disease. 

Additional examples of hematopoietic disorders or diseases include, but are not 
limited to, autoimmune diseases (including, for example, diabetes mellitus, arthritis 
5 (including rheumatoid arthritis, juvenile rheumatoid arthritis, osteoarthritis, psoriatic 
arthritis), multiple sclerosis, encephalomyelitis, myasthenia gravis, systemic lupus 
erythematosus, autoimmune thyroiditis, dermatitis (including atopic dermatitis and 
eczematous dermatitis), psoriasis, Sjogren's Syndrome, Crohn's disease, aphthous ulcer, 
iritis, conjunctivitis, keratoconjunctivitis, ulcerative colitis, asthma, allergic asthma, 

10 cutaneous lupus erythematosus, scleroderma, vaginitis, proctitis, drug eruptions, leprosy 
reversal reactions, erythema nodosum leprosum, autoimmune uveitis, allergic 
encephalomyelitis, acute necrotizing hemorrhagic encephalopathy, idiopathic bilateral 
progressive sensorineural hearing loss, aplastic anemia, pure red cell anemia, idiopathic 
thrombocytopenia, polychondritis, Wegener's granulomatosis, chronic active hepatitis, 

15 Stevens- Johnson syndrome, idiopathic sprue, lichen planus, Graves' disease, sarcoidosis, 
primary biliary cirrhosis, uveitis posterior, and interstitial lung fibrosis), graft-versus-host 
disease, cases of transplantation, and allergy such as, atopic allergy. 

Examples of disorders involving the heart or "cardiovascular disorder" include, but 
are not limited to, a disease, disorder, or state involving the cardiovascular system, e.g., the 

20 heart, the blood vessels, and/or the blood. A cardiovascular disorder can be caused by an 
imbalance in arterial pressure, a malfunction of the heart, or an occlusion of a blood vessel, 
e.g., by a thrombus. Examples of such disorders include hypertension, atherosclerosis, 
coronary artery spasm, congestive heart failure, coronary artery disease, valvular disease, 
arrhythmias, and cardiomyopathies. 

25 Disorders which may be treated or diagnosed by methods described herein include, 

but are not limited to, disorders associated with an accumulation in the liver of fibrous 
tissue, such as that resulting from an imbalance between production and degradation of the 
extracellular matrix accompanied by the collapse and condensation of preexisting fibers. 
The methods described herein can be used to diagnose or treat hepatocellular necrosis or 

30 injury induced by a wide variety of agents including processes which disturb homeostasis, 
such as an inflammatory process, tissue damage resulting from toxic injury or altered 
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hepatic blood flow, and infections (e.g., bacterial, viral and parasitic). For example, the 
methods can be used for the early detection of hepatic injury, such as portal hypertension or 
hepatic fibrosis. In addition, the methods can be employed to detect liver fibrosis attributed 
to inborn errors of metabolism, for example, fibrosis resulting from a storage disorder such 
5 as Gaucher's disease (lipid abnormalities) or a glycogen storage disease, Al-antitrypsin 
deficiency; a disorder mediating the accumulation (e.g., storage) of an exogenous 
substance, for example, hemochromatosis (iron-overload syndrome) and copper storage 
diseases (Wilson's disease), disorders resulting in the accumulation of a toxic metabolite 
(e.g., tyrosinemia, fructosemia and galactosemia) and peroxisomal disorders (e.g., 

10 Zellweger syndrome). Additionally, the methods described herein may be useful for the 
early detection and treatment of liver injury associated with the administration of various 
chemicals or drugs, such as for example, methotrexate, isonizaid, oxyphenisatin, 
methyldopa, chlorpromazine, tolbutamide or alcohol, or which represents a hepatic 
manifestation of a vascular disorder such as obstruction of either the intrahepatic or 

1 5 extrahepatic bile flow or an alteration in hepatic circulation resulting, for example, from 
chronic heart failure, veno-occlusive disease, portal vein thrombosis or Budd-Chiari 
syndrome. 

Additionally, transferase may play an important role in the etiology of certain viral 
~lli^a^7inclua^ B, Hepatitis C and Heipes Simplex Virus 

20 (HSV). Modulators of transferase activity could be used to control viral diseases. The 
modulators can be used in the modulation, treatment and/or diagnosis of viral infected 
tissue or virus-associated tissue fibrosis, especially liver and liver fibrosis. Also, 
transferase modulators can be used in the modulation, treatment and/or diagnosis of virus- 
associated carcinoma, especially hepatocellular cancer. 

25 Additionally, transferase may play an important role in the regulation of 

metabolism. Diseases of metabolic imbalance include, but are not limited to obesity, 
anorexia nervosa, cachexia, lipid disorders diabetes. 

The transferase molecules provide novel diagnostic targets and therapeutic agents to 
control pain in a variety of disorders, diseases, or conditions which are characterized by a 
30 deregulated, e.g., upregulated or downregulated, pain response. For example, the 

transferase molecules provide novel diagnostic targets and therapeutic agents to control the 
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exaggerated pain response elicited during various forms of tissue injury, e.g., inflammation, 
infection, and ischemia, usually referred to as hyperalgesia (described in, for example, 
Fields, HX. (1987) Pain, New York: McGraw-Hill). Moreover, the transferase molecules 
provide novel diagnostic targets and therapeutic agents to control pain associated with 
5 muscoloskeletal disorders, e.g., joint pain, tooth pain, headaches, or pain associated with 
surgery. 

The present invention also provides a diagnostic assay for identifying the presence 
or absence of a genetic alteration characterized by at least one of (i) aberrant modification 
or mutation of a gene encoding a transferase protein; (ii) mis-regulation of the gene; and 

10 (iii) aberrant post-translational modification of a transferase protein, wherein a wild-type 
form of the gene encodes a protein with a transferase activity. 

In another aspect the invention provides a method for identifying a compound that 
binds to or modulates the activity of a transferase protein, by providing an indicator 
composition comprising a transferase protein having transferase activity, contacting the 

15 indicator composition with a test compound, and determining the effect of the test 

compound on transferase activity in the indicator composition to identify a compound that 
modulates the activity of a transferase protein. 



Other features and advantages of the invention will be apparent from the following 
20 detailed description and claims. 

Brief Description of the Drawings 

Figures la-b depict the cDNA sequence (SEQ ID NO:l) and predicted amino acid 

sequence (SEQ ID NO:2) of human 25324 transferase. The nucleotide sequence 
25 corresponds to the 1892 nucleic acids of SEQ ID NO:l which include nucleic acids 1-1275 

of the coding region (SEQ ID NO:l 1, not including the terminal codon), the 5' UTR of 279 

nucleic acids, and the 3' UTR of 335 nucleic acids. The amino acid sequence corresponds 

to amino acids 1 to 425 of SEQ ID NO:2. 

Figure 2 depicts a series of plots summarizing an analysis of the primary and 
30 secondary protein structure of human 25324. The particular algorithm used for each plot is 

indicated at the right hand side of each plot. The following plots are depicted: Gamier- 
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Robson plots providing the predicted location of alpha-, beta-, and turn regions (Gamier et 
al. (1978) 1 Mol. Biol. 120:97); Chou-Fasman plots providing the predicted location of 
alpha-, beta-, turn and coil regions (Chou and Fasman (1978) Adv. In EnzymoL Mol. 47:45- 
148); Kyte-Doolittle hydrophiUcity/hydrophobicity plots (Kyte and Doolittle (1982) J. Mol 
5 Biol. 157:105-132); Eisenberg plots providing the predicted location of alpha- and beta- 
amphipathic regions (Eisenberg et al (1982) Nature 299:371-374); a Karplus-Schultz plot 
providing the predicted location of flexible regions (Karplus and Schulz (1985) 
Naturwissens-Chafen 72:212-213); a plot of the antigenic index (Jameson-Wolf) (Jameson 
and Wolf (1988) CABIOS 4: 121-136); and a surface probability plot (Emini algorithm) 

10 (Emini et al. (1985) J. Virol. 55:836-839). The numbers corresponding to the amino acid 
sequence of human 25324 are indicated. 

Figures 3 a-e are data generated using the 25324 protein. A hydropathy plot of 
human 25324 shows relative hydrophobic residues above the dashed horizontal line, and 
relative hydrophilic residues below the dashed horizontal line. The cysteine residues (cys) 

15 are indicated by short vertical lines just below the hydropathy trace. The numbers 
corresponding to the amino acid sequence of human 25324 are indicated. The signal 
peptide predictions and the transmembrane regions as predicted by MEMSTAT are also 
shown. Results from the Prosite database of protein families and domains identify 
biologically sigoificantsitesr PFAM search results^epict alignments of an 

20 aminotransferase of class I and II domain of human 25324 with a consensus amino acid 
sequence derived from a hidden Markov model. The upper sequence is the consensus 
amino acid sequence, while the lower amino acid sequence corresponds to a portion of the 
amino acids of SEQ ID NO:2. Finally, results from the ProDom protein domain database 
identify homologous domains. The lower sequence is the consensus amino acid sequence, 

25 while the upper amino acid sequence corresponds to a portion of SEQ ID NO:2. 

Figure 4 depicts the cDNA sequence (SEQ ID NO:3) and predicted amino acid 
sequence (SEQ ID NO:4) of human 50287 transferase. The nucleotide sequence 
corresponds to the 1892 nucleic acids of SEQ ID NO:3 which include nucleic acids 1-552 
of the coding region (SEQ ID NO:12, not including the terminal codon), the 5' UTR of 183 

30 nucleic acids, and the 3* UTR of 263 nucleic acids. The amino acid sequence corresponds 
to amino acids 1 to 184 of SEQ ID NO:4. 
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Figure 5 depicts a series of plots summarizing an analysis of the primary and 
secondary protein-structure of human 50287. The particular algorithm used for each plot is 
indicated at the right hand side of each plot. The following plots are depicted: Garnier- 
Robson plots providing the predicted location of alpha-, beta-, and turn regions (Gamier et 
5 al. (1978) J. Mol. Biol. 120:97); Chou-Fasman plots providing the predicted location of 
alpha-, beta-, turn and coil regions (Chou and Fasman (1978) Adv. In Enzymol. Mol. 47:45- 
148); Kyte-Doolittle hydrophilicity/hydrophobicity plots (Kyte and Doolittle (1982) J. Mol. 
Biol. 157:105-132); Eisenberg plots providing the predicted location of alpha- and beta- 
amphipathic regions (Eisenberg et al. (1982) Nature 299:371-374); a Karplus-Schultz plot 

10 providing the predicted location of flexible regions (Karplus and Schulz (1985) 

Naturwissens-Chafen 72:212-213); a plot of the antigenic index (Jameson-Wolf) (Jameson 
and Wolf (1988) CABIOS 4:121-136); and a surface probability plot (Emini algorithm) 
(Eraini et al. (1985) J. Virol. 55:836-839). The numbers corresponding to the amino acid 
sequence of human 50287 are indicated. 

1 5 Figures 6 a-d are data generated using the 50287 protein. A hydropathy plot of 

human 50287 shows relative hydrophobic residues above the dashed horizontal line, and 
relative hydrophilic residues below the dashed horizontal line. The cysteine residues (cys) 
are indicated by short vertical lines just below the hydropathy trace. The location of the 

fransmembTanTdomaihs^ 

20 numbers corresponding to the amino acid sequence of human 50287 are indicated. The 
signal peptide predictions and the transmembrane regions as predicted by MEMSTAT are 
also shown. Results from the Prosite database of protein families and domains identify 
biologically significant sites. PFAM search results depict alignments of an 
acetyltransferase (GNAT) domain of human 50287 with a consensus amino acid sequence 

25 derived from a hidden Markov model. The upper sequence is the consensus amino acid 
sequence, while the lower amino acid sequence corresponds to a portion of the amino acids 
of SEQ ID NO:4. Finally, results from the ProDom protein domain database identify 
homologous domains. The lower sequence is the consensus amino acid sequence, while the 
upper amino acid sequence corresponds to a portion of SEQ TD NO:4. 

30 Figures 7 a-b depict the cDNA sequence (SEQ ID NO:5) and predicted amino acid 

sequence (SEQ JD NO:6) of human 28899 transferase. The nucleotide sequence 



16 



WO 01/64904 



PCT/US01/06463 



corresponds to the 1832 nucleic acids of SEQ ID NO:5 which.include nucleic acids 1-1128 
of the coding region (SEQ ID NO: 13, not including the terminal codon), the 5* UTR of 191 
nucleic acids, and the 3' UTR of 510 nucleic acids. The amino acid sequence corresponds 
to amino acids 1 to 376 of SEQ ID NO:6. 
5 Figure 8 depicts a series of plots summarizing an analysis of the primary and 

secondary protein structure of human 28899. The particular algorithm used for each plot is 
indicated at the right hand side of each plot. The folio 

wing plots are depicted: Garnier-Robson plots providing the predicted location of alpha-, 
beta-, and turn regions (Gamier et al (1978) J. Mol Biol 120:97); Chou-Fasman plots 

1 0 providing the predicted location of alpha-, beta-, turn and coil regions (Chou and Fasman 
(1978) Adv. In Enzymol. Mol 47:45-148); Kyte-Doolittle hydrophihcity/hydrophobicity 
plots (Kyte and Doolittle (1982) J. Mol Biol 157:105-132); Eisenberg plots providing the 
predicted location of alpha- and beta-amphipathic regions (Eisenberg et al (1982) Nature 
299:371-374); a Karplus-Schultz plot providing the predicted location of flexible regions 

1 5 (Karplus and Schulz (1985) Naturwissens-Chafen 72:212-213); a plot of the antigenic 
index (Jameson-Wolf) (Jameson and Wolf (1988) CABIOS 4:121-136); and a surface 
probability plot (Emini algorithm) (Emini et al (1985) J. Virol. 55:836-839). The numbers 
corresponding to the amino acid sequence of human 28899 are indicated. 

Figufes~9"a-f are data generated using the 28899 protein. A hydropathy plot of 

20 human 28899 shows relative hydrophobic residues above the dashed horizontal line, and 
relative hydrophilic residues below the dashed horizontal line. The cysteine residues (cys) 
are indicated by short vertical lines just below the hydropathy trace. The location of the 
transmembrane domains, and the extracellular and intracellular loops is also indicated. The 
numbers corresponding to the amino acid sequence of human 28899 are indicated. Also 

25 depicted is the prediction of protein subcellular localization sites using PSORT software. 
The signal peptide predictions and the transmembrane regions as predicted by MEMSTAT 
are also shown. Results from the Prosite database of protein families and domains identify 
biologically significant sites. PFAM search results depict alignments of an acyltransferase 
domain of human 28899 with a consensus amino acid sequence derived from a hidden 

30 Markov model. The upper sequence is the consensus amino acid sequence, while the lower 
amino acid sequence corresponds to a portion of the amino acids of SEQ ID NO:6. Finally, 
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results from the ProDom protein domain database identify homologous domains. The 
lower sequence is the consensus amino acid sequence, while the upper amino acid sequence 
corresponds to a portion of SEQ ID NO:6. 

Figures 10 a-c depict the cDNA sequence (SEQ ID NO:7) and predicted amino acid 
5 sequence (SEQ ID NO:8) of human 47007 transferase. The nucleotide sequence 

corresponds to the 5426 nucleic acids of SEQ ID NO:7 which include nucleic acids 1-1269 
of the coding region (SEQ ID NO: 14, not including the terminal codon), the 5* UTR of 
1392 nucleic acids, and the 3' UTR of 2762 nucleic acids. The amino acid sequence 
corresponds to amino acids 1 to 423 of SEQ ID NO:8. 
10 Figure 1 1 depicts a series of plots summarizing an analysis of the primary and 

secondary protein structure of human 47007. The particular algorithm used for each plot is 
indicated at the right hand side of each plot. The following plots are depicted: Garaier- 
Robson plots providing the predicted location of alpha-, beta-, and turn regions (Gamier et 
al (1978) J. Mol Biol 120:97); Chou-Fasman plots providing the predicted location of 
1 5 alpha-, beta-, turn and coil regions (Chou and Fasman (1978) Adv. In Enzymol Mol 47:45- 
148); Kyte-Doolittle hydrophilicity/hydrophobicity plots (Kyte and Doolittle (1982) /. Mol 
Biol 157:105-132); Eisenberg plots providing the predicted location of alpha- and beta- 
amphipathic regions (Eisenberg et al (\9S2) Nature 299:371-374); aKaiplus-Schultz plot 
providing the _ pf edicted ^ 
20 Naturwissens-Chafen 72:212-213); a plot of the antigenic index (Jameson-Wolf) (Jameson 
and Wolf (1988) CABIOS 4:121-136); and a surface probability plot (Emini algorithm) 
(Emini et al (1985) J. Virol. 55:836-839). The numbers corresponding to the amino acid 
sequence of human 47007 are indicated. 

Figures 12 a-d are data generated using the 47007 protein. A hydropathy plot of 
25 human 47007 shows relative hydrophobic residues above the dashed horizontal line, and 
relative hydrophilic residues below the dashed horizontal line. The cysteine residues (cys) 
are indicated by short vertical lines just below the hydropathy trace. The numbers 
corresponding to the amino acid sequence of human 47007 are indicated. Also depicted is 
the prediction of protein subcellular localization sites using PSORT software; The signal 
30 peptide predictions and the transmembrane regions as predicted by MEMSTAT are also 
shown. Results from the Prosite database of protein families and domains identify 
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biologically significant sites. Finally, results from the ProDom protein domain database 
identify homologous domains. The lower sequence is the consensus amino acid sequence, 
while the upper amino acid sequence coiresponds to a portion of SEQ ID NO:8. 

Figure 13 depict the cDNA sequence (SEQ ID NO:9) and predicted amino acid 
5 sequence (SEQ ID NO:10) of human 42967 transferase. The nucleotide sequence 

corresponds to the 602 nucleic acids of SEQ ID NO:9 which include nucleic acids 1-519 of 
the coding region (SEQ ID NO:15, not including the terminal codon), the 5' UTR of 25 
nucleic acids, and the 3' UTR of 55 nucleic acids. The amino acid sequence corresponds to 
amino acids 1 to 173 of SEQ ID NO: 10. 
10 Figure 14 depicts a series of plots summarizing an analysis of the primary and 

secondary protein structure of human 42967. The particular algorithm used for each plot is 
indicated at the right hand side of each plot. The following plots are depicted: Gamier- 
Robson plots providing the predicted location of alpha-, beta-, and turn regions (Gamier et 
al (1978) J. Mol Biol 120:97); Chou-Fasman plots providing the predicted location of 
15 alpha-, beta-, turn and coil regions (Chou and Fasman (1978) Adv. In EnzymoL Mol 47:45- 
148); Kyte-Doolittle hydrophilicity/hydrophobicity plots (Kyte and Doolittle (1982) 1 Mol 
Biol 157:105-132); Eisenberg plots providing the predicted location of alpha- and beta- 
amphipathic regions (Eisenberg et al (1982) Nature 299:371-374); a Karplus-Schultz plot 
providing "ffielw^icW and Schulz (1985) 

20 Naturwissens-Chafen 72:212-213); a plot of the antigenic index (Jameson- Wolf) (Jameson 
and Wolf (1988) 4:121-136); and a surface probability plot (Emini algorithm) 

(Emini et al (1985) J. Virol. 55:836-839). The numbers corresponding to the amino acid 
sequence of human 42967 are indicated. 

Figures 15 a-c are data generated using the 42967 protein. A hydropathy plot of 
25 human 42967 shows relative hydrophobic residues above the dashed horizontal line, and 
relative hydrophilic residues below the dashed horizontal line. The N-glycosylation sites 
(Ngly) are indicated by short vertical lines just below the hydropathy trace. The numbers 
corresponding to the amino acid sequence of human 42967 are indicated. Also depicted is 
the prediction of protein subcellular localization sites using PSORT software. The signal 
30 peptide predictions and the transmembrane regions as predicted by MEMSTAT are also 
shown. Results from the Prosite database of protein families and domains identify 
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biologically significant sites. PFAM search results depict alignments of a phosphribosyl 
transferase domain of human 42967 with a consensus amino acid sequence derived from a 
hidden Markov model. The upper sequence is the consensus amino acid sequence, while 
the lower amino acid sequence corresponds to a portion of the amino acids of SEQ E) 
5 NO: 1 0. Finally, results from the ProDom protein domain database identify homologous 
domains. The lower sequence is the consensus amino acid sequence, while the upper 
amino acid sequence corresponds to a portion of SEQ ID NO: 10. 

Figure 16 depicts variable expression of 50827 in a xenograph panel. 

Figure 17 is a bar graph depicting the relative expression of 50827 RNA relative to 
10 a no template control in a panel of human tissues or cells, including but not limited to heart, 
brain, glial, breast, ovary, prostate, epithelial, colon, colon tumor, liver, liver fibrosis, lung, 
lung tumor, spleen, tonsil, lymph node, among others, detected using real-time quantitative 
RT-PCR Taq Man analysis. The graph indicates significant expression in lung tumor. 

Figure 1 8 is a breast model bar graph depicting the relative expression of 50827 
15 RNA relative to a no template control in a panel of human normal breast cell lines and 
breast carcinoma cells detected using real-time quantitative RT-PCR Taq Man analysis. 
The highest level of expression was found in the MCF-7 breast carcinoma cells. 

Figure 19 is an oncology phase II panel bar graph depicting the expression of 28899 
RNATrelative to a no template control showing an increased expression in 6/6 breast tumor 
20 samples in comparison with normal breast tissue; showing an increased expression in 2/4 
ovary tumor samples in comparison with normal ovary tissue; and showing an increased 
expression in 5/7 various lung tumor samples in comparison with normal lung tissue, which 
expression was detected using Taq Man analysis. 

Figure 20 is a bar graph depicting the relative expression of 28899 RNA relative to 
25 a no template control in a panel of human tissues or cells, including but not limited to heart, 
kidney, skeletal muscle, brain, nerve, dorsal root ganglia, glial, breast, ovary, prostate, 
epithelial, colon, colon tumor, lung, lung tumor, liver, liver fibrosis, spleen, tonsil, lymph 
node, among others, detected using real-time quantitative RT-PCR Taq Man analysis. The 
graph indicates significant expression in normal brain cortex. 
30 Figure 21 depicts the relative expression of 28899 RNA relative to a no template 

control in a panel of human ovarian cell lines detected using real-time quantitative RT-PCR 

20 
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Taq Man analysis. The highest level of expression was found in the MDA 127 N ovarian 
epithelial cells. 

Figure 22 is a breast model bar graph depicting the relative expression of 28899 
RNA relative to a no template control in a panel of human normal breast cell lines and 
breast carcinoma cells detected using real-time quantitative RT-PCR Taq Man analysis. 
The highest level of expression was found in the MCF-10AT 3B and MCF-10A m25 cells 
and MCF-7 breast carcinoma cells. 

Figure 23 is a lung model panel bar graph depicting the relative expression of 28899 
RNA relative to a no template control in a panel of human normal and carcinoma lung cell 
lines detected using real-time quantitative RT-PCR Taq Man analysis. The highest level of 
expression was found in H522 (AC), H69 (SCLC), H345 Mock, and H345 VIP cancer cell 
lines. 

Figure 24 is an angiogenic panel depicting the expression of 47007 RNA relative to 
a no template control showing a decreased expression in 6/6 brain tumor samples in 
comparison with normal breast tissue; and showing high expression in fetal adrenal tissues, 
which expression was detected using Taq Man analysis. 

Figure 25 is a bar graph depicting the relative expression of 47007 RNA relative to 
a no template control in a panel of human tissues or cells, including but not limited to heart, 
"Id^^Tska^mi^l^rKain, nerve, dorsal root ganglia, glial, breast, ovary, prostate, 
epithelial, colon, colon tumor, lung, lung tumor, liver, liver fibrosis, spleen, tonsil, lymph 
node, among others, detected using real-time quantitative RT-PCR Taq Man analysis. The 
graph indicates significant expression in normal brain cortex and prostate epithelial cells. 

Figure 26 is a vessel panel bar graph depicting the relative expression of 47007 
RNA relative to a no template control in a panel of human normal and diseased blood 
vessels detected using real-time quantitative RT-PCR Taq Man analysis. The highest level 
of expression was found in aortic smooth muscle cells (SMC) (late) and confluent human 
umbilical vein epithelial cells (HUVEC). 

Detailed Description of the Invention 

The present invention is based, at least in part, on the discovery of novel transferase 
family members, referred to herein as "transferase". nucleic acid and protein molecules. 
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The transferase molecules of the present invention are predicted to modulate and 
facilitate cell proliferation, differentiation, motility, and apoptosis. Thus, the transferase 
molecules of the present invention may play a role in cellular growth signaling 
mechanisms. As used herein, the term "cellular growth signaling mechanism" includes 
5 signal transmissions from cell receptors, e.g., growth factor receptors, which regulate one 
or more of the following: 1) cell transversal through the cell cycle,. 2) cell differentiation, 3) 
cell migration and patterning, 4) programmed cell death, 5) angiogenic processes, 6) 
inflammation, and 7) cardio-vascular processes. Throughout development and in the adult 
organism, cell fate and activity is determined, in part, by extracellular and intracellular 

10 stimuli, e.g., growth factors, angiogenic factors, chemotactic factors, neurotrophic factors, 
cytokines, and hormones. These stimuli act on their target cells by initiating signal 
transduction cascades that alter the pattern of gene expression and metabolic activity so as 
to mediate the appropriate cellular response. The transferase molecules of the present 
invention are predicted to be involved in the initiation or modulation of cellular signal 

1 5 transduction pathways that modulate cell growth, differentiation, migration and/or 

apoptosis. Thus, the transferase molecules, by participating in cellular growth signaling 
mechanisms, may modulate cell behavior and act as therapeutic agents for controlling 
cellular proliferation, differentiation, migration, and apoptosis. 

Altered expression of factors (e.g., a transferase molecule) involved in the 

20 regulation of signaling pathways associated with cell growth, differentiation, migration, and 
apoptosis can lead to perturbed cellular proliferation, which in turn can lead to cellular 
proliferative and/or differentiative disorders. As used herein, a "cellular proliferative 
disorder" includes a disorder, disease, or condition characterized by a deregulated, e.g., 
upregulated or downregulated, growth response. As used herein, a "cellular differentiative 

25 disorder" includes a disorder, disease, or condition characterized by aberrant cellular 
differentiation. Thus, the transferase molecules can act as novel diagnostic targets and 
therapeutic agents for controlling cellular proliferative and/or differentiative disorders. 
Examples of cellular proliferative and/or differentiative disorders include cancer, e.g., 
carcinoma, sarcoma, or leukemia; and disorders involving aberrant angiogenesis and/or 

30 vascularity, e.g., tumor angiogenesis and metastasis, diabetic retinopathy, macular 
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degeneration, psoriasis, endometriosis, Grave's disease, ischemic disease (e.g., 
atherosclerosis), and chronic inflammatory diseases (e.g., rheumatoid arthritis). 

The term "family" when referring to the protein and nucleic acid molecules of the 
invention is intended to mean two or more proteins or nucleic acid molecules having a 
5 common structural domain or motif and having sufficient amino acid or nucleotide 
sequence homology as defined herein. Such family members can be naturally or non- 
naturally occurring and can be from either the same or different species. For example, a 
family can contain a first protein of human origin as well as other distinct proteins of 
human origin, or alternatively, can contain homologues of non-human origin, e.g., rat or 
10 mouse proteins. Members of a family can also have common functional characteristics. 

For example, members of the transferase family of proteins include at least one 
domain as shown in Figures 2, 3, 5, 6, 8, 9, 1 1, 12, 14, and 15 in the protein molecule or the 
nucleic acid molecule encoding the protein molecule. 

In another preferred embodiment, a member of this novel subfamily of transferase 
15 proteins has at least one transferase domain as shown in Figure 3 which includes at least 
about 76-109 amino acid residues and has at least about 65-75% identity with the 
transferase domain of human transferase as shown in Figure 3 (e.g., residues 1-109 of SEQ 
ID NO:2). Preferably, the transferase domain as shown in Figure 3 includes at least about 
_ 80-105"ammo^cid res^ residues, or 80-90 amino acid 

20 residues, and has at least 70-80% identity, preferably about 80-85%, or more preferably 
about 85-95%, identity with the corresponding transferase domain shown in Figure 3 of 
human transferase (e.g., residues 1-109 of SEQ ID NO:2). 

Accordingly, transferase proteins having at least 65-75% identity, preferably about 
70-80%, more preferably about 80-85%, or most preferably about 85-95% identity with the 
25 corresponding transferase domain shown in Figure 3 of human transferase are within the 
scope of the invention. 

In another preferred embodiment, a member of this novel subfamily of transferase 
proteins has at least one transferase domain as shown in Figure 6 which includes at least 
about 20-60 amino acid residues and has at least about 30-35% identity with the transferase 
30 domain of human transferase as shown in Figure 6 (e.g., residues 6-64 of SEQ ID NO:4). 
Preferably, the transferase domain as shown in Figure 6 includes at least about 25-55 amino 
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acid residues, or about 30-50 amino acid residues, or 35-45 amino acid residues, and has at 
least 35-55% identity, preferably about 55-65%, or more preferably about 65-75%, or even 
more preferably 75-85%, and most preferably 85-95% identity with the corresponding 
transferase domain shown in Figure 6 of human transferase (e.g., residues 6-64 of SEQ ID 
5 NO:4). 

Accordingly, transferase proteins having at least 30-35% identity, preferably about 
35-55%, more preferably about 55-65% or about 65-75%, or even more preferably 75-85% 
and most preferably 85-95% identity with the corresponding transferase domain shown in 
Figure 6 of human transferase are within the scope of the invention. 

1 0 In another preferred embodiment, a member of this novel subfamily of transferase 

proteins has at least one transferase domain as shown in Figure 9 which includes at least 
about 55-172 amino acid residues and has at least about 30-35% identity with the 
transferase domain of human transferase as shown in Figure 9 (e.g., residues 1-171 of SEQ 
ID NO:6). Preferably, the transferase domain as shown in Figure 9 includes at least about 

15 70-160 amino acid residues, or about 85-145 amino acid residues, or 90-130 amino acid 
residues, and has at least 35-55% identity, preferably about 55-65%, more preferably about 
65-75%, or even more preferably 75-85% and most preferably 85-95% identity with the 
corresponding transferase domain shown in Figure 9 of human transferase (e.g., residues 1- 
lTlofSEQIDN6:6). 

20 Accordingly, transferase proteins having at least 30-35% identity, preferably about 

35-55%, more preferably about 55-65% or about 65-75%, or even more preferably 75-85% 
and most preferably 85-95% identity with the corresponding transferase domain shown in 
Figure 9 of human transferase are within the scope of the invention. 

In another prefeiTed embodiment, a member of this novel subfamily of transferase 

25 proteins has at least one transferase domain as shown in Figure 12 which includes at least 
about 72-262 amino acid residues and has at least about 25-30% identity with the 
transferase domain of human transferase as shown in Figure 12 (e.g., residues 1-244 of 
SEQ ID NO: 8). Preferably, the transferase domain as shown in Figure 12 includes at least 
about 100-230 amino acid residues, or about 130-200 amino acid residues, or 160-170 

30 amino acid residues, and has at least 30-45% identity, preferably about 45-60%, more 
preferably about 60-75%, or even more preferably 75-85% and most preferably 85-95% 
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identity with the corresponding transferase domain shown in Figure 12 of human 
transferase (e.g., residues 1-244 of SEQ ID NO:8). 

Accordingly, transferase proteins having at least 25-30% identity, preferably about 
30-45%, more preferably about 45-60% or about 60-75%, or even more preferably 75-85% 
5 and most preferably 85-95% identity with the corresponding transferase domain shown in 
Figure 12 of human transferase are within the scope of the invention. 

In another preferred embodiment, a member of this novel subfamily of transferase 
proteins has at least one transferase domain as shown in Figure 15 which includes at least 
about 55-153 amino acid residues and has at least about 30-40% identity with the 
10 transferase domain of human transferase as shown in Figure 15 (e.g., residues 14-165 of 
SEQ ID NO: 10). Preferably, the transferase domain as shown in Figure 15 includes at least 
about 70-140 amino acid residues, or about 85-130 amino acid residues, or 95-1 15 amino 
acid residues, and has at least 40-55% identity, preferably about 55-70%, more preferably 
about 70-85%, and most preferably 85-95% identity with the corresponding transferase 
15 domain shown in Figure 15 of human transferase (e.g., residues 14-165 of SEQ ID NO:10). 

Accordingly, transferase proteins having at least 30-40% identity, preferably about 
40-55%, more preferably about 55-70% or about 70-85%, or most preferably 85-95% 
identity with the corresponding transferase domain shown in Figure 15 of human 
transferase^re withinthe scope of the invention. 
20 Transferase family members can be identified based on the presence of at least one 

transferase domain as shown in Figures 3, 6, 9, 12, and 15 in the protein or the nucleic acid 
molecule encoding the protein. 

As used herein, the term "domain as shown in Figure 3" with regard to 25324 
includes an aminotransferase domain having an amino acid sequence of about 270-320 or 
25 390-440 amino acid residues and having a bit score for the alignment of the sequence to the 
transferase domain (HMM) of at least about 90. Preferably, an amino transferase domain 
includes at least about 280-300 or 390-420, more preferably about 290-300 or 415-420 
amino acid residues, or 294-296 or 41 8-420 amino acid residues, and may have a bit score 
for the alignment of the sequence to the transferase domain (HMM) of at least about 90, 95, 
30 100, 1 10, 120 or greater. The aminotransferase domains (HMM) as shown in Figure 3 has 
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been assigned the PFAM Accession PF00155 (class I) or PF00222 (class IT) 
(http://genome.wustl.edu/Pfam/.html). 

As used herein, the term "aminotransferase domain" with regard to 25324 includes 
an amino acid sequence which is conserved in aminotransferases. Preferably, the 
aminotransferase domain includes one of the following amino acid consensus sequences 
[GSHIJVMFYTACHGSW 

[GA] or T-[IJVMFYWHSTAG]^ wherein K 

is the pyridoxal-P attachment site. 

The 25324 protein includes the following domains: four predicted protein kinase C 
phosphorylation sites (PS00005) located at about amino acids 170-172, 190-192, and 210- 
212 of SEQ ID NO:2; two predicted casein kinase II phosphorylation sites (PS00006) 
located at about amino 21-24 and 170-173 of SEQ ID NO:2; and four predicted N- 
myristoylation sites (PS00008) located at about amino acids 116-121, 144-149, 200-205, 
and 268-273 of SEQ ID NO:2. 

As used herein, the term "domain as shown in Figure 6" with regard to 50287 
includes a protein domain having an amino acid sequence of about 80-150 amino acid 
residues and having a bit score for the alignment of the sequence to the acetyltransferase 
domain (HMM) of at least about 25. Preferably, an acetyl transferase domain includes at 
least about 80-140, more preferably about 125-135 amino acid residues, or 129-131 amino 
acid residues, and has a bit score for the alignment of the sequence to the transferase 
domain (HMM) of at least about 25, 30, 35, 40, 50, 60 or greater. The acetyltransferase 
domain (HMM) as shown in Figure 6 has been assigned the PFAM Accession PF00583 
( http://genome.wustl.edu/Pfam/.html^ 

The 50287 protein includes the following domains: one predicted protein kinase C 
phosphorylation site (PS00005) located at about amino acids 145-147 of SEQ ID NO:4; 
two predicted casein kinase II phosphorylation sites (PS00006) located at about amino 87- 
90 and 171-174 of SEQ ID NO:4; and one predicted N-myristoylation site (PS00008) 
located at about amino acids 95-100 of SEQ ID NO:4. 

In one embodiment, a 50287 protein includes at least one transmembrane domain. 
As used herein, the term "transmembrane domain" includes an amino acid sequence of 
about 15 amino acid residues in length that spans a phospholipid membrane. More 
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preferably, a transmembrane domain includes about at least 18, 20, 22, 24, 25, 30, 35 or 40 
amino acid residues and spans a phospholipid membrane. Transmembrane domains are 
rich in hydrophobic residues, and typically have an a-helical structure. In a preferred 
embodiment, at least 50%, 60%, 70%, 80%, 90%, 95% or more of the amino acids of a 
5 transmembrane domain are hydrophobic, e.g., leucines, isoleucines, tyrosines, or 
tryptophans. Transmembrane domains are described in, for example, 
http://pfam.wustl.edu/cgi-bin/getdesc?name=7tm-l, and Zagotta W.N. et al., (1996) Annual 
Rev. Neuronsci. 19: 235-63, the contents of which are incorporated herein by reference. 
In a preferred embodiment, a 50287 polypeptide or protein has at least one 
10 transmembrane domain or a region which includes at least 1 8, 20, 22, 24, 25, 30, 35 or 40 
amino acid residues and has at least about 60%, 70% 80% 90% 95%, 99%, or 100% 
homology with a "transmembrane domain," e.g., at least one transmembrane domain of 
human 50287 (e.g., amino acid residues 84-105 of SEQ ID NO:4). 

In another embodiment, a 50287 protein includes at least one "non-transmembrane 
15 domain." As used herein, "non-transmembrane domains" are domains that reside outside 
of the membrane. When referring to plasma membranes, non-transmembrane domains 
include extracellular domains (i.e., outside of the cell) and intracellular domains (i.e., 
within the cell). When referring to membrane-bound proteins found in intracellular 
organelles T(eTg~imtochon(in£^endoplasmic reticulum, peroxisomes and microsomes), non- 
20 transmembrane domains include those domains of the protein that reside in the cytosol (i.e., 
the cytoplasm), the lumen of the organelle, or the matrix or the intermembrane space (the 
latter two relate specifically to mitochondria organelles). The C-terminal amino acid 
residue of a non-transmembrane domain is adjacent to an N-terminal amino acid residue of 
a transmembrane domain in a naturally-occurring 50287, or 50287-like protein. 
25 In a preferred embodiment, a 50287 polypeptide or protein has a "non- 

transmembrane domain" or a region which includes at least about 25-200, preferably about 
50-100, more preferably about 70-90, and even more preferably about 75-85 amino acid 
residues, and has at least about 60%, 70% 80% 90% 95%, 99% or 100% homology with a 
"non-transmembrane domain", e.g., a non-transmembrane domain of human 50287 (e.g., 
30 residues 1-83 and 106-184 of SEQ ID NO:4). Preferably, a non-transmembrane domain is 
capable of catalytic activity (e.g., catalyzing a transferase reaction). 
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A non-transmembrane domain located at the N-tenninus of a 50287 protein or 
polypeptide is referred to herein as an "N-terminal non-transmembrane domain." As used 
herein, an "N-terminal non-transmembrane domain" includes an amino acid sequence 
having about 25-200, preferably about 50-100, more preferably about 70-90, and even more 
5 preferably about 75-85 amino acid residues in length and is located outside the boundaries 
of a membrane. For example, an N-terminal non-transmembrane domain is located at 
about amino acid residues 1-83 of SEQ ID NO:4. 

Similarly, a non-transmembrane domain located at the C-terminus of a 50287 
protein or polypeptide is referred to herein as a "C-terminal non-transmembrane domain." 

10 As used herein, an "C-terminal non-transmembrane domain" includes an amino acid 

sequence having about 25-200, preferably about 50-100, more preferably about 70-90, and 
even more preferably about 75-85 amino acid residues in length and is located outside the 
boundaries of a membrane. For example, a C-terminal non-transmembrane domain is 
located at about amino acid residues 106-184 of SEQ ID NQ:4. 

15 As used herein, the term "domain as shown in Figure 9" with regard to 28899 

includes a protein domain having an amino acid sequence of about 180-220 amino acid 
residues and having a bit score for the alignment of the sequence to the transferase domain 
(HMM) of at least about 25. Preferably, an acyltransferase domain includes at least about 
— ~~ " 180-210,"more pfefefablyabouf r95 : 205^minoacid residues, 202-204 amino acid residues, 

20 and has a bit score for the alignment of the sequence to the transferase domain (HMM) of at 
least about 30, 35, 40, 50, 60 or greater. The acyltransferase domain (HMM) as shown in 
Figure 9 has been assigned the PFAM Accession PF01553 
(http://genome.wustl.edu/Pfam/.html) . 

The 28899 protein includes the following domains: one cAMP- and cGMP- 

25 dependent protein kinase phosphorylation site (PS00004) located at about amino acids 160- 
163 of SEQ ID NO: 6; one predicted protein kinase C phosphorylation site (PS00005) 
located at about amino acids 1 17-1 19 of SEQ ID NO:6; four predicted casein kinase II 
phosphorylation sites (PS00006) located at about amino 69-72, 107-1 10, 154-157 and 359- 
362 of SEQ ID NO:6; one predicted tyrosine kinase phosphorylation site (PS00007) located 

30 at about amino acids 160-168 of SEQ ID NO:6; eight predicted N-myristoylation sites 
(PS00008) located at about amino acids 25-30, 113-118, 177-182, 220-225, 242-247, 292- 
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297, 328-333, and 364-369 of SEQ ID NO:6; one predicted amidation site (PS00009) 
located at about amino acids 245-248 of SEQ ID NO:6. 

A 28899 molecule can further include a signal sequence. As used herein, a "signal 
sequence" refers to a peptide of about 10-80 amino acid residues in length which occurs at 
5 the N-tenninus of secretory and integral membrane proteins and which contains a majority 
of hydrophobic amino acid residues. For example, a signal sequence contains at least about 
10-50 amino acid residues, preferably about 20-30 amino acid residues, more preferably 
about 25 amino acid residues, and has at least about 40-70%, preferably about 50-65%, and 
more preferably about 55-60% hydrophobic amino acid residues (e.g., alanine, valine, 

10 leucine, isoleucine, phenylalanine, tyrosine, tryptophan, or proline). Such a "signal 
sequence", also referred to in the art as a "signal peptide", serves to direct a protein 
containing such a sequence to a lipid bilayer. For example, in one embodiment, a 28899 
protein contains a signal sequence of about amino acids 1-25 of SEQ ID NO:6. The "signal 
sequence" is cleaved during processing of the mature protein. 

1 5 The mature 28899 protein form is approximately 35 1 amino acid residues in length 

(from about amino acid 26 to amino acid 376 of SEQ ID NO:6) In a preferred embodiment, 
a 28899 polypeptide or protein has at least one transmembrane domain or a region which 
includes at least 1 8, 20, 22, 24, 25, 30, 35 or 40 amino acid residues and has at least about 

— 60% r 70%-80%90%-95%799%Yof 100% homology wii^ 

20 at least one transmembrane domain of human 28899 (e.g., amino acid residues 53-69, 126- 
144, 306-329, or 336-352 of SEQ ID NO:6). 

In another embodiment, a 28899 protein includes at least one "non-transmembrane 
domain." As used herein, "non-transmembrane domains" are domains that reside outside 
of the membrane. When referring to plasma membranes, non-transmembrane domains 

25 include extracellular domains (i.e., outside of the cell) and intracellular domains (i.e., 
within the cell). When referring to membrane-bound proteins found in intracellular 
organelles (e.g., mitochondria, endoplasmic reticulum, peroxisomes and microsomes), non- 
transmembrane domains include those domains of the protein that reside in the cytosol (i.e., 
the cytoplasm), the lumen of the organelle, or the matrix or the intermembrane space (the 

30 latter two relate specifically to mitochondria organelles). The C-terminal amino acid 
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residue of a non-transmembrane domain is adjacent to an N-terminal amino acid residue of 
a transmembrane domain in a naturally-occurring 28899, or 28899-like protein. 

In a preferred embodiment, a 28899 polypeptide or protein has a "non- 
transmembrane domain" or a region which includes at least about 5-200, preferably about 
5 5-180, more preferably about 5-170, and even more preferably about 5-160 amino acid 
residues, and has at least about 60%, 70% 80% 90% 95%, 99% or 100% homology with a 
"non-transmembrane domain", e.g., a non-transmembrane domain of human 28899 (e.g., 
residues 26-52, 70-125, 145-305, 330-337, and 353-376 of SEQ ID NO:6). Preferably, a 
non-transmembrane domain is capable of catalytic activity (e.g., catalyzing a transferase 
10 reaction). 

A non-transmembrane domain located at the N-tenninus of a 28899 protein or 
polypeptide is referred to herein as an "N-terminal non-transmembrane domain." As used 
herein, an "N-terminal non-transmembrane domain" includes an amino acid sequence 
having about 5-100, preferably about 10-60, more preferably about 10-50, and even more 

15 preferably about 20-40 amino acid residues in length and is located outside the boundaries 
of a membrane. For example, an N-terminal non-transmembrane domain is located at 
about amino acid residues 1-52 or 26-52, in the mature protein, of SEQ ID NO:6. 

Similarly, a non-transmembrane domain located at the C-terminus of a 28899* 

— —protein or polypeptide's rrefeircd toharein as a "C-terminal non-transmembrane domain." 

20 As used herein, an "C-terminal non-transmembrane domain" includes an amino acid 
sequence having about 1-100, preferably about 20-75, more preferably about 20-50, and 
even more preferably about 20-30 amino acid residues in length and is located outside the 
boundaries of a membrane. For example, a C-ternvinal non-transmembrane domain is 
located at about amino acid residues 353-376 of SEQ ID NO:6. 

25 The 47007 protein includes the following domains: one glycosaminoglycan 

attachment site (PS00002) located at about amino acids 137-140 of SEQ ID NO:8; one 
predicted protein kinase C phosphorylation site (PS00005) located at about amino acids 
267-269 of SEQ ID NO:8; three predicted casein kinase E phosphorylation sites (PS00006) 
located at about amino 156-159, 235-238 and 267-270 of SEQ ID NO:8; five predicted N- 

30 myristoylation sites (PS00008) located at about amino acids 25-10, 1 1-16, 216-221, 341- 
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346, and 396-401 of SEQ ID NO:8; one predicted signal peptidase I signature site 
(PS00761) located at about amino acids 308-321 of SEQ ID NO:8. 

As used herein, the term "domain as shown in Figure 15" with regard to 42967 
includes a phosphoribosyl transferase domain having an amino acid sequence of about 130- 
5 170 amino acid residues and having a bit score for the alignment of the sequence to the ■ 
transferase domain (HMM) of at least about 125. Preferably, a phosphoribosyl transferase 
domain includes at least about 140-160, more preferably about 145-150 amino acid 
residues, 147-149 amino acid residues, and has a bit score for the alignment of the sequence 
to the transferase domain (HMM) of at least about 130, 135, 140, 150, 160 or greater. The 
1 0 phosphoribosyl transferase domain (HMM) as shown in Figure . 1 5 has been assigned the 
PFAM Accession PF00156 (http://genome.wustl.edU/Pfam/.html) . 

As used herein, the teim "phosphoribosyl transferase domain" includes an amino 
acid sequence which is conserved in phosphoribosyl transferases. Preferably, the 
phosphoribosyl transferase domain includes the following amino acid consensus sequence 
15 [LIVMFWCTA]-[LIVM]-[LIVMA]-[LI^ [LIVM]-[STAVD]- 
[STAR]-[GAC]-x-[STAR]. 

The 42967 protein includes the following domains: one predicted N-glycosylation 
site (PS00001) located at about amino acids 39-42 of SEQ ID NO: 10; one predicted protein 
— —kinase C phosphorylati amino acids 129-131 of SEQ ID 

20 NO: 1 0; one predicted casein kinase II phosphorylation site (PS00006) located at about 
amino 102-105 of SEQ ID NO: 10; and three predicted N-myristoylation sites (PS00008) 
located at about amino acids 66-71, 1 14-119, and 128-133 of SEQ ID NO:10. 

A transferase domain as shown in Figures 3, 6, 9, and 15 contains conserved 
cysteine residues which are likely to form disulfide bonds that affect protein structure. 
25 To identify the presence of a transferase domain in a transferase protein, and make 

the determination that a protein of interest has a particular profile, the amino acid sequence 
of the protein is searched against a database of HMMs (e.g., the Pfam database, release 2.1) 
using the default parameters (http://ww.sanger.ac.uk/Softwa^ For 
example, the hmmsf program, which is available as part of the HMMER package of search 
30 programs, is a family specific default program for MDLPAT0063 and a score of 1 5 is the 
default threshold score for determining a hit. Alternatively, the threshold score for 
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detennining a hit can be lowered (e.g., to 8 bits). A description of the Pfam database can 
be found in Sonhammer et al (1997) Proteins 28(3):405-420 and a detailed description of 
HMMs can be found, for example, in Gribskov et a/.(1990) Meth. Enzymol 183:146-159; 
Gribskov et a/.(1987) Proa Natl Acad Set USA 84:4355-4358; Krogh et a/.(1994) /. 
5 Mol Biol 235:1501-1531; and Stultz et a/.(1993) Protein ScL 2:305-314, the contents of 
which are incorporated herein by reference. A search was performed against the HMM 
database resulting in the identification of a transferase domain in the amino acid sequence 
of human transferase at about residues 105-399 and 4-423 of SEQ ID NO:2 (see Figure 3); 
4-171 of SEQ ID NO:4 (see Figure 6); 82-285 of SEQ ID NO:6 (see Figure 9); and 23-171 
10 of SEQ ID NO:10 (see Figure 15). 

Post-translational modification sites are identified by using Prosite software, 
Release 12.2 of February 1995, to modify sites as shown in Figures 3, 6, 9, 12, and 15. 

Isolated proteins of the present invention, preferably transferase proteins, have an 
amino acid sequence sufficiently homologous to the amino acid sequence of SEQ ID NO:2, 
15 4, 6, 8, or 10, or are encoded by a nucleotide sequence sufficiently homologous to SEQ ID 
NO:l, 3, 5, 7, or 9. As used herein, the term "sufficiently homologous" refers to a first 
amino acid or nucleotide sequence which contains a sufficient or minimum number of 
identical or equivalent (e.g., an amino acid residue which has a similar side chain) amino 

acid residuesor nueleotides~to a secondlunino acid or nucleotide sequence such that the 

20 first and second amino acid or nucleotide sequences share common structural domains or 
motifs and/or a common functional activity. For example, amino acid or nucleotide 
sequences which share common structural domains have at least 50% homology, preferably 
60% homology, more preferably 70%-80%, and even more preferably 90-95% homology 
across the amino acid sequences of the domains and contain at least one and preferably two 
25 structural domains or motifs, are defined herein as sufficiently homologous. Furthermore, 
amino acid or nucleotide sequences which share at least 50%, preferably 60%, more 
preferably 70-80%, or 90-95% homology and share a common functional activity are 
defined herein as sufficiently homologous. 

As used interchangeably herein, a "transferase activity", 'biological activity of 
30 transferase" or "functional activity of transferase", refers to an activity exerted by a 

transferase protein, polypeptide or nucleic acid molecule on a transferase responsive cell or 
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on a transferase protein substrate, as determined in vivo or in vitro, according to standard 
techniques. In one embodiment, a transferase activity is a direct activity, such as an 
association with a transferase target molecule. As used herein, a "target molecule" or 
"binding partner" is a molecule with which a transferase protein binds or interacts in nature, 
5 such that transferase-mediated function is achieved. A transferase target molecule can be a 
non-transferase molecule or a transferase protein or polypeptide of the present invention. 
In an exemplary embodiment, a transferase target molecule is a transferase substrate or 
receptor. A transferase activity can also be an indirect activity, such as a cellular signaling 
activity mediated by interaction of the transferase protein with a transferase substrate or 
1 0 receptor. Preferably, a transferase activity is the ability to act as a growth regulatory factor 
and to modulate cell proliferation, differentiation, migration, apoptosis, and/or 
angiogenesis. 

Accordingly, another embodiment of the invention features isolated transferase 
proteins and polypeptides having a transferase activity. Preferred proteins are transferase 

15 proteins including at least one transferase domain as shown in Figures 3, 6, 9, 12, and 15, 
and, preferably, having a transferase activity. Further preferred proteins include at least one 
transferase domain as shown in Figures 3, 6, 9, 12, and 15, and are, preferably, encoded by 
a nucleic acid molecule having a nucleotide sequence which hybridizes under stringent 
— hybridization conditions to a nucleic acid molecule comprising the nucleotide sequence of 

20 SEQIDNO:l,3,5,7,or9. 

The nucleotide sequence of the isolated human transferase cDNA and the predicted 
amino acid sequence of the human transferase polypeptide correspond to the sequences 
shown in Figures 1, 4, 7, 10 rmd 13 and in SEQ ID NOs:l, 3, 5, 7, and 9, and SEQ ID 
NOs:2, 4, 6, 8, and 10 respectively. Human transferase genes as shown in Figures 1, 4, 7, 

25 10 and 13, which are approximately 1892, 1001, 1832, 5426, and 602 nucleotides in length 
respectively, encodes a protein having a molecular weight of approximately 47, 20, 41, 47, 
19 kD respectively and which are approximately 425, 184, 376, 423, and 173 amino acid 
residues in length respectively. 

Various aspects of the invention are described in further detail in the following 
30 subsections: 
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L Isolated Nucleic Acid Molecules 

One aspect of the invention pertains to isolated nucleic acid molecules that encode 
transferase proteins or biologically active portions thereof, as well as nucleic acid 
fragments sufficient for use as hybridization probes to identify transferase -encoding 
nucleic acid molecules (e.g., transferase mRNA) and fragments for use as PCR primers for 
the amplification or mutation of transferase nucleic acid molecules. As used herein, the 
term ''nucleic acid molecule" is intended to include DNA molecules (e.g., cDNA or 
genomic DNA) and RNA molecules (e.g., mRNA) and analogs of the DNA or RNA 
generated using nucleotide analogs. The nucleic acid molecule can be single-stranded or 
double-stranded, but preferably is double-stranded DNA. 

The term "isolated nucleic acid molecule" includes nucleic acid molecules which 
are separated from other nucleic acid molecules which are present in the natural source of 
the nucleic acid. For example, with regards to genomic DNA, the teim "isolated" includes 
nucleic acid molecules which are separated from the chromosome with which the genomic 
DNA is naturally associated. Preferably, an "isolated" nucleic acid is free of sequences 
which naturally flank the nucleic acid (i.e., sequences located at the 5' and 3' ends of the 
nucleic acid) in the genomic DNA of the organism from which the nucleic acid is derived. 
For example, in various embodiments, the isolated transferase nucleic acid molecule can 
contain less thanabout "3 kbT4 kb73 kb72 kb, 1 kb, 0.5 kb or 0.1 kb of nucleotide 
sequences which naturally flank the nucleic acid molecule in genomic DNA of the cell 
from which the nucleic acid is derived. Moreover, an "isolated" nucleic acid molecule, 
such as a cDNA molecule, can be substantially free of other cellular material, or culture 
medium when produced by recombinant techniques, or substantially free of chemical 
precursors or other chemicals when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule 
having the nucleotide sequence of SEQ ID NO:l, 3, 5, 7, or 9, or a portion thereof, can be 
isolated using standard molecular biology techniques and the sequence information 
provided herein. Using all or a portion of the nucleic acid sequence of SEQ ID NO:l, 3, 5, 
7, or 9 as hybridization probes, transferase nucleic acid molecules can be isolated using 
standard hybridization and cloning techniques (e.g., as described in Sambrook, J., Fritsh, E. 
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F., and Maniatis, T. Molecular Cloning: A Laboratory Manual 2nd, ed., Cold Spring 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989). 

Moreover, a nucleic acid molecule encompassing all or a portion of SEQ ID NO:l, 
3, 5, 7, or 9 can be isolated by the polymerase chain reaction (PCR) using synthetic 
oligonucleotide primers designed based upon the sequence of SEQ ID NO:l, 3, 5, 7, or 9. 

A nucleic acid of the invention can be amplified using cDNA, mRNA or 
alternatively, genomic DNA, as a template and appropriate oligonucleotide primers 
according to standard PCR amplification techniques. The nucleic acid so amplified can be 
cloned into an appropriate vector and characterized by DNA sequence analysis. 
Furthermore, oligonucleotides corresponding to transferase nucleotide sequences can be 
prepared by standard synthetic techniques, e.g., using an automated DNA synthesizer. 

In one embodiment, an isolated nucleic acid molecules of the invention comprise 
cDNA. The sequences of SEQ ID NO: 1 , 3, 5, 7, or 9 correspond to the human transferase 
cDNA. 

The cDNA corresponding to SEQ ID NO: 1 in Figure 1 comprises sequences 
encoding the human transferase protein (i.e., "the coding region", from nucleotides 1-1278 
starting at ATG), as well as 5' untranslated sequences (279 nucleotides before the coding 
region) and 3' untranslated sequences (335 nucleotides after the coding region). 

The cDNA corresponding to SEQ ID NO:3 in Figure 4 comprises sequences 
encoding the human transferase protein (i.e., "the coding region", from nucleotides 1-555 
starting at ATG), as well as 5' untranslated sequences (1 83 nucleotides before the coding 
region) and 3* untranslated sequences (263 nucleotides after the coding region). 

The cDNA corresponding to SEQ ID NO:5 in Figure 7 comprises sequences 
encoding the human transferase protein (i.e., 'the coding region", from nucleotides 1-1131 
starting at ATG), as well as 5' untranslated sequences (191 nucleotides before the coding 
region) and 3' untranslated sequences (510 nucleotides after the coding region). 

The cDNA corresponding to SEQ ID NO:7 in Figure 10 comprises sequences 
encoding the human transferase protein (i.e., "the coding region", from nucleotides 1-1272 
starting at ATG), as well as 5* untranslated sequences (1392 nucleotides before the coding 
region) and 3' untranslated sequences (2762 nucleotides after the coding region). 
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The cDNA corresponding to SEQ ID NO:10 in Figure 13 comprises sequences 
encoding the human transferase protein (i.e., "the coding region", from nucleotides 1-522 
starting at ATG), as well as 5' untranslated sequences (25 nucleotides before the coding 
region) and 3' untranslated sequences (55 nucleotides after the coding region). 
5 In one embodiment, an isolated nucleic acid molecule of the invention comprises a 

nucleic acid molecule which is a complement of the nucleotide sequence shown in SEQ ID 
NO:l, 3, 5, 7, or 9, or a portion of any of these nucleotide sequences. A nucleic acid 
molecule which is complementary to the nucleotide sequence shown in SEQ ID NO:l, 3, 5, 
7, or 9 is one which is sufficiently complementary to the nucleotide sequence shown in 

10 SEQ ID NO:l, 3, 5, 7, or 9, such that it can hybridize to the nucleotide sequence shown in 
SEQ ID NO:l, 3, 5, 7, or 9, thereby forming a stable duplex. 

In one embodiment, an isolated nucleic acid molecule of the present invention 
comprises a nucleotide sequence which is at least about 50%, 55%, 60%, 65%, 70%, 75%, 
80%, 85%, 90%, 95%, 98% or more homologous to the entire length of the nucleotide 

15 sequence shown in SEQ ID NO:l, 3, 5, 7, or 9, or a portion of any of these nucleotide 
sequences. 

Moreover, the nucleic acid molecule of the invention can comprise only a portion of 
the n ucleic acid sequence of SEQ ID NO:l, 3, 5, 7, or 9, for example, a fragment which can 
be used as a probe or primer or a fragment encoding a portion of a transferase protein, e.g., 

20 an immunogenic or biologically active portion of a transferase protein. The nucleotide 
sequence determined from the cloning of the transferase gene allows for the generation of 
probes and primers designed for use in identifying and/or cloning other transferase family 
members, as well as transferase homologues from other species. The probe/primer 
typically comprises substantially purified oligonucleotide. The oligonucleotide typically 

25 comprises a region of nucleotide sequence that hybridizes under stringent conditions to at 
least about 7, 12 or 15, preferably about 20 or 25, more preferably about 30, 35, 40, 45, 50, 
55, 60, 65, or 75 consecutive nucleotides of a sense or antisense sequence of SEQ ID NO:l, 
3, 5, 7, or 9, or of a naturally occurring allelic variant or mutant of SEQ ID NO:l, 3, 5, 7, or 
9. In an exemplary embodiment, a nucleic acid molecule of the present invention 

30 comprises a nucleotide sequence which is greater than 50, 60, 70, 80, 90, 100, 1 50, 200, 
300, 400, 500, 549, 549-600, (for SEQ ID NO:l, 3, 5, 7, 9) 600-650, 650-700, 700-750, 
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750-800, 800-850, 850-900, 900-950, 950-1000, (for SEQ IDNO:l, 3, 5, 7) 1000-1 100, 
1100-1200, 1200-1300, 1300-1400, 1400-1500, 1500-1600, 1600-1700, 1700-1800, (for 
SEQ ID NO:l, 5, 7) 1800-1900, 1900-2000, 2000-2100, 2100-2200, 2200-2300, 2300- 
2400, 2400-2500, 2500-2600, 2600-2700, 2700-2800, 2800-2900, 2900-3000, 3000-3100, 
5 3100-3200, 3200-3300, 3300-3400, 3400-3500, 3500-3600, 3600-3700, 3700-3800, 3800- 
3900, 3900-4000, 4000-4100, 4100-4200, 4200-4300, 4300-4400, 4400-4500, 4500-4600, 
4600-4700, 4700-4800, 4800-4900, 4900-5000, 5000-5100, 5100-5200, 5200-5300, 5300- 
5400, (for SEQ ID NO:7) or more nucleotides in length and hybridizes under stringent 
hybridization conditions to a nucleic acid molecule of SEQ ID NO:l, 3, 5, 7, or 9. 

10 The invention further encompasses nucleic acid molecules that differ from the 

nucleotide sequence shown in SEQ ID NO:l, 3, 5, 7, or 9 due to degeneracy of the genetic 
code and thus encode the same transferase proteins as those encoded by the nucleotide 
sequence shown in SEQ ID NO:l, 3, 5, 7, or 9. In another embodiment, an isolated nucleic 
acid molecule of the invention has a nucleotide sequence encoding a protein having an 

15 amino acid sequence shown in SEQ ID NO:2, 4, 6, 8, or 10. 

In addition to the transferase nucleotide sequences shown in SEQ ID NO:l, 3, 5, 7, 
and 9, it will be appreciated by those skilled in the art that DNA sequence polymorphisms 
that lead to changes in the amino acid sequences of the transferase proteins may exist 
within a population (e.g., the human population). Such genetic polymorphism in the 

20 transferase genes may exist among individuals within a population due to natural allelic 
variation. As used herein, the terms "gene" and "recombinant gene" refer to nucleic acid 
molecules which include an open reading frame encoding a transferase protein, preferably a 
mammalian transferase protein, and car, further include non-coding regulatory sequences, 
and introns. 

25 Allelic variants of transferase, e.g., human transferase, include both functional and 

non-functional transferase proteins. Functional allelic variants are naturally occurring 
amino acid sequence variants of the transferase protein within a population that maintain 
the ability to bind a transferase receptor or substrate, and/or modulate cell growth and 
migration mechanisms. Functional allelic variants will typically contain only conservative 

30 substitution of one or more amino acids of SEQ ID NO:2, 4, 6, 8, or 10, or substitution, 
deletion or insertion of non-critical residues in non-critical regions of the protein. 
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Non-functional allelic variants are naturally occurring amino acid sequence variants 
of the transferase, e.g., human transferase, protein within a population that do not have the 
ability to either bind a transferase receptor or substrate, or modulate cell growth or 
migration mechanisms. Non-functional allelic variants will typically contain a non- 
5 conservative substitution, a deletion, or insertion, or premature truncation of the amino acid 
sequence of SEQ ID NO:2, 4, 6, 8, or 10, or a substitution, insertion, or deletion in critical 
residues or critical regions of the protein. 

The present invention further provides orthologues of the human transferase 
protein. Orthologues of the human transferase protein are proteins that are isolated from 
10 non-human organisms and possess the same transferase receptor or substrate binding 
mechanisms, and/or modulation of cell growth or migration mechanisms of the human 
transferase protein. Orthologues of the human transferase protein can readily be identified 
as comprising an amino acid sequence that is substantially homologous to SEQ ID NO:2, 4, 
6, 8, or 10. 

1 5 Moreover, nucleic acid molecules encoding other transferase family members and, 

thus, which have a nucleotide sequence which differs from the transferase sequences of 
SEQ ID NO:l, 3, 5, 7, or 9 are intended to be within the scope of the invention. For 
example, another transferase cDNA can be identified based on the nucleotide sequence of 
human transferase. Moreover, nucleic acid molecules encoding transferase proteins from 

20 different species, and which, thus, have a nucleotide sequence which differs from the 
transferase sequences of SEQ ID NO:l, 3, 5, 7, or 9 are intended to be within the scope of 
the invention. For example, a mouse transferase cDNA can be identified based on the 
nucleotide sequence of a human transferase. 

Nucleic acid molecules corresponding to natural allelic variants and homologues of 

25 the transferase cDNAs of the invention can be isolated based on their homology to the 
transferase nucleic acids disclosed herein using the cDNAs disclosed herein, or a portion 
thereof, as a hybridization probe according to standard hybridization techniques under 
stringent hybridization conditions. Nucleic acid molecules corresponding to natural allelic 
variants and homologues of the transferase cDNAs of the invention can further be isolated 

30 by mapping to the same chromosome or locus as the transferase gene. 
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Accordingly, in another embodiment, an isolated nucleic acid molecule of the 
invention is at least 7, 15, 20, 25, 30 or more nucleotides in length and hybridizes under 
stringent conditions to the nucleic acid molecule comprising the nucleotide sequence of 
SEQ ID NO:l, 3, 5, 7, or 9. In other embodiment, the nucleic acid is at least 30, 50, 100, 
5 150, 200, 250, 253, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, or 800 nucleotides in 
length. As used herein, the term "hybridizes under stringent conditions" is intended to 
describe conditions for hybridization and washing under which nucleotide sequences at 
least 60% homologous to each other typically remain hybridized to each other. Preferably, 
the conditions are such that sequences at least about 70%, more preferably at least about 
10 80%, even more preferably at least about 85% or 90% homologous to each other typically 
remain hybridized to each other. Such stringent conditions are known to those skilled in 
the art and can be found in Current Protocols in Molecular Biology, John Wiley & Sons, 
N.Y. (1989), 6.3.1-6.3.6. A preferred, non-limiting example of stringent hybridization 
conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45°C, 

1 5 followed by one or more washes in 0.2X SSC, 0. 1 % SDS at 50°C. Another example of 
stringent hybridization conditions are hybridization in 6X sodium chloride/sodium citrate 
(SSC) at about 45°C, followed by one or more washes in 0.2X SSC, 0.1% SDS at 55°C. A 
further example of stringent hybridization conditions are hybridization in 6X sodium 
chloride/sodium citrate (SSC) at about 45°C, followed by one or more washes in 0.2X SSC, 

20 0. 1% SDS at 60°C. Preferably, stringent hybridization conditions are hybridization in 6X 
sodium chloride/sodium citrate (SSC) at about 45°C, followed by one or more washes in 
0.2X SSC, 0.1% SDS at 65°C, more preferably stringent hybridization conditions are 
hybridization in 0.5M sodium phosphate, 7% SDS at 65°C, followed by one or more 
washes in 0.2X SSC, 0.1% SDS at 65°C. Preferably, an isolated nucleic acid molecule of 

25 the invention that hybridizes under stringent conditions to the sequence of SEQ ID NO: 1, 3, 
5, 7, or 9 corresponds to a naturaUy-occurring nucleic acid molecule. As used herein, a 
NaturaUy-occurring" nucleic acid molecule refers to an RNA or DNA molecule having a 
nucleotide sequence that occurs in nature (e.g., encodes a natural protein). 

In addition to naturally-occurring allelic variants of the transferase sequences that 

30 may exist in the population, the skilled artisan will further appreciate that changes can be 
introduced by mutation into the nucleotide sequences of SEQ ID NO:l, 3, 5, 7, or 9, 
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thereby leading to changes in the amino acid sequence of the encoded transferase proteins, 
without altering the functional ability of the transferase proteins. For example, nucleotide 
substitutions leading to amino acid substitutions at "non-essential" amino acid residues can 
be made in the sequence of SEQ ID NO:l, 3, 5, 7, or 9. A "non-essential" amino acid 
5 residue is a residue that can be altered from the wild-type sequence of transferase (e.g., the 
sequence of SEQ ID NO:2, 4, 6, 8, or 10) without altering the biological activity, whereas 
an "essential" amino acid residue is required for biological activity. For example, amino 
acid residues that are conserved among the transferase proteins of the present invention, 
e.g., those present in the transferase superfamily variant motif, the transferase disulfide 
1 0 knot-like domain, or the CUB domain, are predicted to be particularly unamenable to 
alteration. Furthermore, additional amino acid residues that are conserved between the 
transferase proteins of the present invention and other members of the transferase family 
are not likely to be amenable to alteration. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
15 encoding transferase proteins that contain changes in amino acid residues that are not 

essential for activity. Such transferase proteins differ in amino acid sequence from SEQ ID 
NO:2, 4, 6, 8, or 10, yet retain biological activity. In one embodiment, the isolated nucleic 
acid molecule comprises a nucleotide sequence encoding a protein, wherein the protein 
comprises an amino acid sequence at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
20 85%, 90%, 95%, 98% or more homologous to SEQ ID NO:2, 4, 6, 8, or 10. 

An isolated nucleic acid molecule encoding a transferase protein homologous to the 
protein of SEQ ID NO:2, 4, 6, 8, or 10 can be created by introducing one or more 
nucleotide substitutions, additions or deletions into the nucleotide sequence of SEQ ID 
NO:l, 3, 5, 7, or 9 such that one or more amino acid substitutions, additions or deletions 
25 are introduced into the encoded protein. Mutations can be introduced into SEQ ID NO: 1 , 
3, 5, 7, or 9 by standard techniques, such as site-directed mutagenesis and PCR-mediated 
mutagenesis. Preferably, conservative amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A "conservative amino acid substitution" is 
one in which the amino acid residue is replaced with an amino acid residue having a similar 
30 side chain. Families of amino acid residues having similar side chains have been defined in 
the art. These families include amino acids with basic side chains (e.g., lysine, arginine, 
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histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains 
(e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side 
chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, 
tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic 
5 side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted 

nonessential amino acid residue in a transferase protein is preferably replaced with another 
amino acid residue from the same side chain family. Alternatively, in another embodiment, 
mutations can be introduced randomly along all or part of a transferase coding sequence, 
such as by saturation mutagenesis, and the resultant mutants can be screened for transferase 
10 biological activity to identify mutants that retain activity. Following mutagenesis of SEQ 
ID NO:l, 3, 5, 7, or 9, the encoded protein can be expressed recombinantly and the activity 
of the protein can be determined. 

In a prefeired embodiment, a mutant transferase protein can be assayed for the 
ability to (1) interact with a non-transferase protein molecule, e.g., a transferase substrate or 
1 5 receptor; (2) activate a transferase-dependent signal transduction pathway; (3) modulate 
cell proliferation, differentiation, migration and/or apoptosis mechanisms; or (4) modulate 
angiogenic processes. 

In addition to the nucleic acid molecules encoding transferase proteins described 
above, another aspect of the invention pertains to isolated nucleic acid molecules which are 
20 antisense thereto. An "antisense" nucleic acid comprises a nucleotide sequence which is 
complementary to a "sense" nucleic acid encoding a protein, e.g., complementary to the 
coding strand of a double-stranded cDNA molecule or complementary to an mRNA 
sequence. Accordingly, an antisense nucleic acid can hydrogen bond to a sense nucleic 
acid. The antisense nucleic acid can be complementary to an entire transferase coding 
25 strand, or to only a portion thereof, hi one embodiment, an antisense nucleic acid molecule 
is antisense to a "coding region" of the coding strand of a nucleotide sequence encoding 
transferase. The term "coding region" refers to the region of the nucleotide sequence 
comprising codons which are translated into amino acid residues (e.g., the coding region of 
human transferase is shown as that portion of SEQ ID NO:l, 3, 5, 7, or 9 that corresponds 
30 to the amino acid residues of SEQ ID NO:2, 4, 6, 8, or 10, respectively, which consist of 
SEQ ID NO: 1 1, 12, 13, 14 or 15, not including the terminal codon). In another 
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embodiment, the antisense nucleic acid molecule is antisense to a "noncoding region" of 
the coding strand of a nucleotide sequence encoding transferase. The term "noncoding 
region" refers to 5 ! and 3 f sequences which flank the coding region that are not translated 
into amino acids (i.e., also referred to as 5' and 3* untranslated regions). 
5 Given the coding strand sequences encoding transferase disclosed herein (e.g., SEQ 

ID NO:l, 3, 5, 7, or 9), antisense nucleic acids of the invention can be designed according 
to the rules of Watson and Crick base pairing. The antisense nucleic acid molecule can be 
complementary to the entire coding region of transferase mRNA, but more preferably is an 
oligonucleotide which is antisense to only a portion of the coding or noncoding region of 

10 transferase mRNA. For example, the antisense oligonucleotide can be complementary to 
the region surrounding the translation start site of transferase mRNA. An antisense 
oligonucleotide can be, for example, about 7, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 
70, 75, 80, or more nucleotides in length. An antisense nucleic acid of the invention can be 
constructed using chemical synthesis and enzymatic ligation reactions using procedures 

15 known in the art. For example, an antisense nucleic acid (e.g., an antisense 

oligonucleotide) can be chemically synthesized using naturally occurring nucleotides or 
variously modified nucleotides designed to increase the biological stability of the molecules 
or to increase the physical stability of the duplex formed between the antisense and sense 
" nucleic acids, e.g., phosphorothioaie derivatives and acridine substituted nucleotides can be 

20 used. Examples of modified nucleotides which can be used to generate the antisense 
nucleic acid include 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, 
hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5- 
carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil, 
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carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the antisense 
nucleic acid can be produced biologically using an expression vector into which a nucleic 
acid has been subcloned in an antisense orientation (i.e., RNA transcribed from the inserted 
nucleic acid will be of an antisense orientation to a target nucleic acid of interest, described 
further in the following subsection). 

The antisense nucleic acid molecules of the invention are typically administered to a 
subject or generated in situ such that they hybridize with or bind to cellular mRNA and/or 
genomic DNA encoding a transferase protein to thereby inhibit expression of the protein, 
e.g., by inhibiting transcription and/or translation. The hybridization can be by 
conventional nucleotide complementarity to form a stable duplex, or, for example, in the 
case of an antisense nucleic acid molecule which binds to DNA duplexes, through specific 
interactions in the major groove of the double helix. An example of a route of 
administration of antisense nucleic acid molecules of the invention include direct injection 
at a tissue site. Alternatively, antisense nucleic acid molecules can be modified to target 
selected cells and then administered systemically. For example, for systemic 
administration, antisense molecules can be modified such that they specifically bind to 
receptors or antigens expressed on a selected cell surface, e.g., by linking the antisense 
nucleic acid molecules to peptides or antibodies which bind to cell surface receptors or 
^tigai^ l]ie aotisensenucleicacid molecules can also bedehvered toTeU^ingthe^ 
vectors described herein. To achieve sufficient intracellular concentrations of the antisense 
molecules, vector constructs in which the antisense nucleic acid molecule is placed under 
the control of a strong pol II or pol EI promoter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention is 
an ot-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms specific 
double-stranded hybrids with complementary RNA in which, contrary to the usual p-units, 
the strands run parallel to each other (Gaultier et al (1987) Nucleic Acids. Res. 15:6625- 
6641). The antisense nucleic acid molecule can also comprise a 2 f -o-methylribomicleotide 
(Inouee/a/. (1987) Nucleic Acids Res. 15:6131-6148) or a chimeric RNA-DNA analogue 
(Inoue et al. (1987) FEES Lett. 215:327-330). 

In still another embodiment, an antisense nucleic acid of the invention is a 
ribozyme. Ribozymes are catalytic RNA molecules with ribonuclease activity which are 
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capable of cleaving a single-stranded nucleic acid, such as an mRNA, to which they have a 
complementary region. Thus, ribozymes (e.g., hammerhead ribozymes (described in 
Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to catalytically cleave 
transferase mRNA transcripts to thereby inhibit translation of transferase mRNA. A 
5 ribozyme having specificity for a transferase-encoding nucleic acid can be designed based 
upon the nucleotide sequence of a transferase cDNA disclosed herein (i.e., corresponding to 
SEQ ID NO:l, 3, 5, 7, or 9). For example, a derivative of a Tetrahymena L-19 IVS RNA 
can be constructed in which the nucleotide sequence of the active site is complementary to 
the nucleotide sequence to be cleaved in a transferase-encoding mRNA. See, e.g., Cech et 
10 al U.S. Patent No. 4,987,071; and Cech et al U.S. Patent No. 5,116,742. Alternatively, 
transferase mRNA can be used to select a catalytic RNA having a specific ribonuclease 
activity from a pool of RNA molecules. See, e.g., Bartel, D. and Szostak, J.W. (1993) 
Science 261:1411-1418. 

Alternatively, transferase gene expression can be inhibited by targeting nucleotide 
1 5 sequences complementary to the regulatory region of the transferase (e.g., the transferase 
promoter and/or enhancers) to form triple helical structures that prevent transcription of the 
transferase gene in target cells. See generally, Helene, C. (1991) Anticancer Drug Des. 
6(6):569-84; Helene, C. et al (1992) Ann. N. Y. Acad. Sci 660:27-36; and Maher, L.J. 
(1992) Biodtsajs 14(12):8~67-15. 
20 In yet another embodiment, the transferase nucleic acid molecules of the present 

invention can be modified at the base moiety, sugar moiety or phosphate backbone to 
improve, e.g., the stability, hybridization, or solubility of the molecule. For example, the 
deoxyribose phosphate backbone of the nucleic acid molecules can be modified to generate 
peptide nucleic acids (see Hyrup B. et al (1996) Bioorganic & Medicinal Chemistry 4 (1): 
25 5-23). As used herein, the terms "peptide nucleic acids" or "PNAs" refer to nucleic acid 
mimics, e.g., DNA mimics, in which the deoxyribose phosphate backbone is replaced by a 
pseudopeptide backbone and only the four natural nucleobases are retained. The neutral 
backbone of PNAs has been shown to allow for specific hybridization to DNA and RNA 
under conditions of low ionic strength. The synthesis of PNA oligomers can be performed 
30 using standard solid phase peptide synthesis protocols as described in Hyrup B. et al 
(1996) supra; Perry-OTCeefe et al Proc. Natl. Acad. Sci. 93: 14670-675. 
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PNAs of transferase nucleic acid molecules can be used in therapeutic and 
diagnostic applications. For example, PNAs can be used as antisense or antigene agents for 
sequence-specific modulation of gene expression by, for example, inducing transcription or 
translation arrest or inhibiting replication. PNAs of transferase nucleic acid molecules can 
5 also be used in the analysis of single base pair mutations in a gene, (e.g., by PNA-directed 
PCR clamping); as 'artificial restriction enzymes' when used in combination with other 
enzymes, (e.g., S 1 nucleases (Hyrup B. (1996) supra)); or as probes or primers for DNA 
sequencing or hybridization (Hyrup B. et al. (1996) supra; Perry-O'Keefe supra). 

In another embodiment, PNAs of transferase can be modified, (e.g., to enhance their 
10 stability or cellular uptake), by attaching lipophilic or other helper groups to PNA, by the 
formation of PNA-DNA chimeras, or by the use of liposomes or other techniques of drug 
delivery known in the art. For example, PNA-DNA chimeras of transferase nucleic acid 
molecules can be generated which may combine the advantageous properties of PNA and 
DNA. Such chimeras allow DNA recognition enzymes, (e.g., RNAse H and DNA 

1 5 polymerases), to interact with the DNA portion while the PNA portion would provide high 
binding affinity and specificity. PNA-DNA chimeras can be linked using linkers of 
appropriate lengths selected in terms of base stacking, number of bonds between the 
nucleobases, and orientation (Hyrup B. (1996) supra). The synthesis of PNA-DNA 
chimeras can be performed as descnbed in Hymp R 

20 (1996) Nucleic Acids Res. 24 (17): 3357-63. For example, a DNA chain can be synthesized 
on a solid support using standard phosphoramidite coupling chemistry and modified 
nucleoside analogs, e.g., 5'-(4-methoxytrityl)amino-5'-deoxy-thymidine phosphoramidite, 
can be used as a between the PNA and the 5' end of DNA (Msg, M. et al (1989) Nucleic 
Acid Res. 17: 5973-88). PNA monomers are then coupled in a stepwise manner to produce 

25 a chimeric molecule with a 5' PNA segment and a 3' DNA segment (Finn P J. et al (1996) 
supra). Alternatively, chimeric molecules can be synthesized with a 5' DNA segment and a 
3' PNA segment (Peterser, K.H. et al (1975) Bioorganic Med. Chem. Lett 5: 1 1 19-1 1 124). 

In other embodiments, the oligonucleotide may include other appended groups such 
as peptides (e.g., for targeting host cell receptors in vivo), or agents facilitating transport 

3.0 across the cell membrane (see, e.g., Letsinger et al (1989) Proc. Natl. Acad. Sci. USA 
86:6553-6556; Lemaitre et al (1987) Proc. Natl. Acad. Sci. USA 84:648-652; PCT 
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Publication No. W088/09810) or the blood-brain barrier (see, e.g., PCT Publication No. 
W089/10134). In addition, oligonucleotides can be modified with hybridization-triggered 
cleavage agents (See, e.g., Krol et al (1988) Bio-Techniques 6:958-976) or intercalating 
agents. (See, e.g., Zon (1988) Pharm.Res. 5:539-549). To this end, the oligonucleotide 
5 may be conjugated to another molecule, (e.g., a peptide, hybridization triggered cross- 
Unking agent, transport agent, or hybridization-triggered cleavage agent). 

The invention also provides detectably labeled oligonucleotide primer and probe 
molecules. Typically, such labels are chemiluminescent, fluorescent, radioactive, or 
colorimetric to permit ease of detection. Such labels and the criteria by which one label 

1 0 would be selected over another are well known to those skilled in the art. 

One variety of detectable label which is particularly well-suited to the methods of 
the invention is a molecular beacon, since this technology permits detection of the label 
only in the instance where the oligonucleotide molecule bearing the molecular beacon is 
hybridized to a target sequence. The invention therefore includes molecular beacon 

1 5 oligonucleotide primer and probe molecules having at least one region which is 

complementary to a transferase nucleic acid of the invention, such that the molecular 
beacon is useful for quantitating the presence of the transferase nucleic acid of the 
invention in a sample. A "molecular beacon" oligonucleotide is a nucleic acid comprising 
a pair of complementary regions and having a fluorophore and fluorescent quencher 

20 associated therewith. The fluorophore and quencher are associated with different portions 
of the nucleic acid in such an orientation that when the complementary regions are annealed 
with one another, fluorescence of the fluorophore is quenched by the quencher. When the 
complementary regions of the nucleic acid are not annealed with one another, such as is the 
case when the primer or probe is hybridized to its target sequence, the fluorophore and 

25 quencher are distanced, and the fluorescence of the fluorophore is quenched to a lesser 
degree. Molecular beacon nucleic acids are described, for example, in Lizardi et al., U.S. 
Patent No. 5,854,033; Nazarenko et al, U.S. Patent No. 5,866,336, and Livak et al. 9 U.S. 
Patent 5,876,930. 
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II. Isolated Transferase Proteins and Anti-transferase Antibodies 

One aspect of the invention pertains to isolated transferase proteins, and 
biologically active portions thereof, as well as polypeptide fragments suitable for use as 
immunogens to raise anti-transferase antibodies. In one embodiment, native transferase 
5 proteins can be isolated from cells or tissue sources by an appropriate purification scheme 
using standard protein purification techniques. In another embodiment, transferase proteins 
are produced by recombinant DNA techniques. Alternative to recombinant expression, a 
transferase protein or polypeptide can be synthesized chemically using standard peptide 
synthesis techniques. 

10 An "isolated" or "purified" protein or biologically active portion thereof is 

substantially free of cellular material or other contaminating proteins from the cell or tissue 
source from which the transferase protein is derived, or substantially free from chemical 
• precursors or other chemicals when chemically synthesized. The language "substantially 
free of cellular material" includes preparations of transferase protein in which the protein is 

15 separated from cellular components of the cells from which it is isolated or recombinantly 
produced In one embodiment, the language "substantially free of cellular material" 
includes preparations of transferase protein having less than about 30% (by dry weight) of 
• non-transferase protein (also referred to herein as a "contaminating protein"), more 
preferably less than about 20% of non-transferase protein, still more preferably less than 

20 about 10% of non-transferase protein, and most preferably less than about 5% non- 
transferase protein. When the transferase protein or biologically active portion thereof is 
recombinantly produced, it is also preferably substantially free of culture medium, i.e., 
culture medium represents less than about 20%, more preferably less than about 10%, and 
most preferably less than about 5% of the volume of the protein preparation. 

25 The language "substantially free of chemical precursors or other chemicals" 

includes preparations of transferase protein in which the protein is separated from chemical 
precursors or other chemicals which are involved in the synthesis of the protein. In one 
embodiment, the language "substantially free of chemical precursors or other chemicals" 
includes preparations of transferase protein having less than about 30% (by dry weight) of 

30 chemical precursors or non-transferase chemicals, more preferably less than about 20% 
chemical precursors or non-transferase chemicals, still more preferably less than about 10% 
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chemical precursors or non-transferase chemicals, and most preferably less than about 5% 
chemical precursors or non-transferase chemicals. 

As used herein, a "biologically active portion" of a transferase protein includes a 
fragment of a transferase protein which participates in an interaction between a transferase 
5 molecule and a non-transferase molecule. Biologically active portions of a transferase 
protein include peptides comprising amino acid sequences sufficiently homologous to or 
derived from the amino acid sequence of the transferase protein, e.g., the amino acid 
sequence shown in SEQ ID NO:2, 4, 6, 8, or 10, which include less amino acids than the 
full length transferase proteins, and exhibit at least one activity of a transferase protein. 

10 Typically, biologically active portions comprise a domain or motif with at least one activity 
of the transferase protein, e.g., modulating cell growth and/or migration mechanisms. A 
biologically active portion of a transferase protein can be a polypeptide which is, for 
example, 10, 25, 50, 100, 200 or more amino acids in length. Biologically active portions 
of a transferase protein can be used as targets for developing agents which modulate a 

15 transferase mediated activity, e.g., a cell proliferation, differentiation, migration, apoptosis, 
or angiogenic signaling mechanism. 

In one embodiment, a biologically active portion of a transferase protein comprises 
at least one transferase domain as shown in Figures 2, 3, 5, 6, 8, 9, 1 1, 12, 14 and 15. It is 
to be understood that a preferred biologically active portion of a transferase protein of the 

20 present invention may contain at least one amino-, acetyl-, acyl-, phosphatidyl-, or 

phosphoribosyl-transferase domain as shown in Figures 2, 3, 5, 6, 8, 9, 1 1, 12, 14 and 15. 
Moreover, other biologically active portions, in which other regions of the protein are 
deleted, can be prepared by recombinant techniques and evaluated for one or more of the 
functional activities of a native transferase protein. 

25 In a preferred embodiment, the transferase protein has an amino acid sequence 

shown in SEQ ID NO:2, 4, 6, 8, or 10. In other embodiments, the transferase protein is 
substantially homologous to SEQ ID NO:2, 4, 6, 8, or 10, and retains the functional activity 
of the protein of SEQ ID NO:2, 4, 6, 8, or 10, yet differs in amino acid sequence due to 
natural allelic variation or mutagenesis, as described in detail in subsection I above. 

30 Accordingly, in another embodiment, the transferase protein is a protein which comprises 
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an amino acid sequence at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
95%, 98% or more homologous to SEQ ID NO:2, 4, 6, 8, or 10. 

To determine the percent identity of two amino acid sequences or of two nucleic 
acid sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can 
5 be introduced in one or both of a first and a second amino acid or nucleic acid sequence for 
optimal alignment and non-homologous sequences can be disregarded for comparison 
purposes). In a preferred embodiment, the length of a reference sequence aligned for 
comparison purposes is at least 30%, preferably at least 40%, more preferably at least 50%, 
even more preferably at least 60%, and even more preferably at least 70%, 80%, or 90% of 

10 the length of the reference sequence (e.g., when aligning a second sequence to the 

transferase amino acid sequence of SEQ ID NO:2 having approximately 425 amino acid 
residues, at least 128, preferably at least 170, more preferably at least 213, even more 
preferably at least 255, and even more preferably at least 298, 340 or 383 amino acid 
residues are aligned). The amino acid residues or nucleotides at corresponding amino acid 

15 positions or nucleotide positions are then compared. When a position in the first sequence 
is occupied by the same amino acid residue or nucleotide as the corresponding position in 
the second sequence, then the molecules are identical at that position (as used herein amino 
acid or nucleic acid "identity" is equivalent to amino acid or nucleic acid "homology"). 
The percent identity between the two sequences is a function of the number of identical 

20 positions shared by the sequences, taking into account the number of gaps, and the length 
of each gap, which need to be introduced for optimal alignment of the two sequences. 

The comparison of sequences and determination of percent identity between two 
sequences can be accomplished using a mathematical algorithm. In a preferred 
embodiment, the percent identity between two amino acid sequences is determined using 

25 the Needleman and Wunsch (J. Mol Biol (48):444-453 (1970)) algorithm which has been 
incorporated into the GAP program in the GCG software package (available at 
http://www.gcg.com), using either a Blossum 62 matrix or a PAM250 matrix, and a gap 
weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet another 
preferred embodiment, the percent identity between two nucleotide sequences is 

30 determined using the GAP program in the GCG software package (available at 

http://www.gcg.com), using a NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, 
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or 80 and a length weight of 1, 2, 3, 4, 5, or 6. In another embodiment, the percent identity 
between two amino acid or nucleotide sequences is determined using the algorithm of E. 
Meyers and W. Miller (CABIOS, 4:1 1-17 (1989)) which has been incorporated into the 
ALIGN program (version 2.0), using a PAM120 weight residue table, a gap length penalty 
5 of 12 and a gap penalty of 4. In a more preferred embodiment, the percent identity between 
two amino acid or nucleotide sequences is determined using a Blossum 62 matrix, a gap 
open penalty of 12, a gap extend penalty of 4 and a frameshift gap penalty of 5. 

The nucleic acid and protein sequences of the present invention can further be used 
as a "query sequence" to perform a search against public databases to, for example, identify 
10 other family members or related sequences. Such searches can be performed using the 
NBLAST and XBLAST programs (version 2.0) of Altschul, et al (1990) J. Mol Biol 
215:403-10. BLAST nucleotide searches can be performed with the NBLAST program, 
score = 100, word length = 12 to obtain nucleotide sequences homologous to transferase 
nucleic acid molecules of the invention. BLAST protein searches can be performed with 
15 the XBLAST program, score = 50, word length = 3 to obtain amino acid sequences 
homologous to transferase protein molecules of the invention. To obtain gapped 
alignments for comparison purposes, Gapped BLAST can be utilized as described in 
Altschul etal, (1997) Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST and 
Gapped BLAST programs, the default parameters of the respective programs (e.g., 
20 XBLAST and NBLAST) can be used. See http://www.ncbi.nlm.nih.gov. 

The invention also provides transferase chimeric or fusion proteins. As used herein, 
a transferase "chimeric protein" or "fusion protein" comprises a transferase polypeptide 
operatively linked to a non-transferase polypeptide. An "transferase polypeptide" refers to 
a polypeptide having an amino acid sequence corresponding to transferase, whereas a "non- 
25 transferase polypeptide" refers to a polypeptide having an amino acid sequence 

corresponding to a protein which is not substantially homologous to the transferase protein, 
e.g., a protein which is different from the transferase protein and which is derived from the 
same or a different organism. Within a transferase fusion protein the transferase 
polypeptide can correspond to all or a portion of a transferase protein. In a preferred 
30 embodiment, a transferase fusion protein comprises at least one biologically active portion 
of a transferase protein. In another preferred embodiment, a transferase fusion protein 
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comprises at least two biologically active portions of a transferase protein. Within the 
fusion protein, the term "operatively linked" is intended to indicate that the transferase 
polypeptide and the non-transferase polypeptide are fused in-frame to each other. The non- 
transferase polypeptide can be fused to the N-terminus or C-terminus of the transferase 
5 polypeptide. 

For example, in one embodiment, the fusion protein is a GST-transferase fusion 
protein in which the transferase sequences are fused to the C-terminus of the GST 
sequences. Such fusion proteins can facilitate the purification of recombinant transferase. 
In another embodiment, the fusion protein is a transferase protein containing a 

10 heterologous signal sequence at its N-terminus. In certain host cells (e.g., mammalian host 
cells), expression and/or secretion of transferase can be increased through use of a 
heterologous signal sequence. 

The transferase fusion proteins of the invention can be incorporated into 
pharmaceutical compositions and administered to a subject in vivo. The transferase fusion 

1 5 proteins can be used to affect the bioavailability of a transferase substrate. Use of 
transferase fusion proteins may be useful therapeutically for the treatment of disorders 
caused by, for example, (i) aberrant modification or mutation of a gene encoding a 
transferase protein; (ii) mis-regulation of the transferase gene; and (iii) aberrant post- 
translationai modification of a transferase protein. 

20 Moreover, the transferase-fusion proteins of the invention can be used as 

immunogens to produce anti-transferase antibodies in a subject, to purify transferase 
ligands and in screening assays to identify molecules which inhibit the interaction of 
transferase with a transferase substrate. 

Preferably, a transferase chimeric or fusion protein of the invention is produced by 

25 standard recombinant DNA techniques. For example, DNA fragments coding for the 
different polypeptide sequences are ligated together in-frame in accordance with 
conventional techniques, for example by employing blunt-ended or stagger-ended termini 
for ligation, restriction enzyme digestion to provide for appropriate termini, filling-in of 
cohesive ends as appropriate, alkaline phosphatase treatment to avoid undesirable joining, 

30 and enzymatic ligation. In another embodiment, the fusion gene can be synthesized by 
conventional techniques including automated DNA synthesizers. Alternatively, PCR 
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amplification of gene fragments can be carried out using anchor primers which give rise to 
complementary overhangs between two consecutive gene fragments which can 
subsequently be annealed and reamplified to generate a chimeric gene sequence (see, for 
example, Current Protocols in Molecular Biology, eds. Ausubel et al John Wiley & Sons: 
5 1992). Moreover, many expression vectors are commercially available that already encode 
a fusion moiety (e.g., a GST polypeptide). A transferase-encoding nucleic acid can be 
cloned into such an expression vector such that the fusion moiety is linked in-frame to the 
transferase protein. 

The present invention also pertains to variants of the transferase proteins which 

10 function as either transferase agonists (mimetics) or as transferase antagonists. Variants of 
the transferase proteins can be generated by mutagenesis, e.g., discrete point mutation or 
truncation of a transferase protein. An agonist of the transferase proteins can retain 
substantially the same, or a subset, of the biological activities of the naturally occurring 
form of a transferase protein. An antagonist of a transferase # protein can inhibit one or more 

15 of the activities of the naturally occurring form of the transferase protein by, for example, 
competitively modulating a transferase-mediated activity of a transferase protein. Thus, 
specific biological effects can be elicited by treatment with a variant of limited function. In 
one embodiment, treatment of a subject with a variant having a subset of the biological 
activities of the naturally occurring form of the protein has fewer side effects in a subject 

20 relative to treatment with the naturally occurring form of the transferase protein. 

In one embodiment, variants of a transferase protein which function as either 
transferase agonists (mimetics) or as transferase antagonists can be identified by screening 
- combinatorial libraries of mutants, e.g., truncation mutants, of a transferase protein for 
transferase protein agonist or antagonist activity. In one embodiment, a variegated library 

25 of transferase variants is generated by combinatorial mutagenesis at the nucleic acid level 
and is encoded by a variegated gene library. A variegated library of transferase variants can 
be produced by, for example, enzymatically ligating a mixture of synthetic oligonucleotides 
into gene sequences such that a degenerate set of potential transferase sequences is 
expressible as individual polypeptides, or alternatively, as a set of larger fusion proteins 

30 (e.g., for phage display) containing the set of transferase sequences therein. There are a 
variety of methods which can be used to produce libraries of potential transferase variants 
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from a degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene 
sequence can be performed in an automatic DNA synthesizer, and the synthetic gene then 
ligated into an appropriate expression vector. Use of a degenerate set of genes allows for 
the provision, in one mixture, of all of the sequences encoding the desired set of potential 
5 transferase sequences. Methods for synthesizing degenerate oligonucleotides are known in 
the art (see, e.g., Narang, S.A. (1983) Tetrahedron 39:3; Itakura et al (1984) Annu. Rev. 
Biochem. 53:323; Itakura et al (1984) Science 198:1056; Ike et al (1983) Nucleic Acid 
Res. 11:477. 

Li addition, libraries of fragments of a transferase protein coding sequence can be 

10 used to generate a variegated population of transferase fragments for screening and 

subsequent selection of variants of a transferase protein. In one embodiment, a library of 
coding sequence fragments can be generated by treating a double stranded PCR fragment of 
a transferase coding sequence with a nuclease under conditions wherein nicking occurs 
only about once per molecule, denaturing the double stranded DNA, renaturing the DNA to 

1 5 form double stranded DNA which can include sense/antisense pairs from different nicked 
products, removing single stranded portions from refoimed duplexes by treatment with SI 
nuclease, and ligating the resulting fragment library into an expression vector. By this 
method, an expression library can be derived which encodes N-terminal, C-terminal and 
internal fragments of various sizes of the transferase protein. 

20 Several techniques are known in the art for screening gene products of 

combinatorial libraries made by point mutations or truncation, and for screening cDNA 
libraries for gene products having a selected property. Such techniques are adaptable for 
rapid screening of the gene libraries generated by the combinatorial mutagenesis of 
transferase proteins. The most widely used techniques, which are amenable to high 

25 through-put analysis, for screening large gene libraries typically include cloning the gene 
library into replicable expression vectors, transforming appropriate cells with the resulting 
library of vectors, and expressing the combinatorial genes under conditions in which 
detection of a desired activity facilitates isolation of the vector encoding the gene whose 
product was detected. Recursive ensemble mutagenesis (REM), a new technique which 

30 enhances the frequency of functional mutants in the libraries, can be used in combination 
with the screening assays to identify transferase variants (Arkin and Yourvan (1992) Proa 
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Natl Acad, Set USA 59:781 1-7815; Delgrave et al. (1993) Protein Engineering 6(3):327- 
331). 

In one embodiment, cell based assays can be exploited to analyze a variegated 
transferase library. For example, a library of expression vectors can be transfected into a 
5 cell line, e.g., an endothelial cell line, which ordinarily responds to transferase in a 

particular transferase substrate-dependent manner. The transfected cells are then contacted 
with transferase and the effect of the expression of the mutant on signaling by the 
transferase substrate can be detected, e.g., by measuring intracellular calcium and inositol 
1,4,5-trisphosphate (IP3) levels, cell growth, and cell migration. Plasmid DNA can then be 

10 recovered from the cells which score for inhibition, or alternatively, potentiation of 
signaling by the transferase substrate, and the individual clones further characterized. 

An isolated transferase protein, or a portion or fragment thereof, can be used as an 
immunogen to generate antibodies that bind transferase using standard techniques for 
polyclonal and monoclonal antibody preparation. A full-length transferase protein can be 

15 used or, alternatively, the invention provides antigenic peptide fragments of transferase for 
use as immunogens. The antigenic peptide of transferase comprises at least 8 amino acid 
residues of the amino acid sequence shown in SEQ ID NO:2, 4, 6, 8, or 10 and 
encompasses an epitope of transferase such that an antibody raised against the peptide 
forms a specific immune complex with transferase. Preferably, the antigenic peptide 

20 comprises at least 10 amino acid residues, more preferably at least 15 amino acid residues, 
even more preferably at least 20 amino acid residues, and most preferably at least 30 amino 
acid residues. 

Preferred epitopes encompassed by the antigenic peptide are regions of transferase 
that are located on the surface of the protein, e.g., hydrophilic regions, as well as regions 
25 with high antigenicity. 

A transferase immunogen typically is used to prepare antibodies by immunizing a 
suitable subject, (e.g., rabbit, goat, mouse or other mammal) with the immunogen. An 
appropriate immunogenic preparation can contain, for example, recombinantly expressed 
transferase protein or a chemically synthesized transferase polypeptide. The preparation 
30 can further include an adjuvant, such as Freund's complete or incomplete adjuvant, or 
similar immunostimulatory agent. Immunization of a suitable subject with an 
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immunogenic transferase preparation induces a polyclonal anti-transferase antibody 
response. 

Accordingly, another aspect of the invention pertains to anti-transferase antibodies. 
The term "antibody" as used herein refers to immunoglobulin molecules and 
5 immunologically active portions of immunoglobulin molecules, i.e., molecules that contain 
an antigen binding site which specifically binds (immunoreacts with) an antigen, such as 
transferase. Examples of immunologically active portions of immunoglobulin molecules 
include F(ab) and F(ab') 2 fragments which can be generated by treating the antibody with 
an enzyme such as pepsin. The invention provides polyclonal and monoclonal antibodies 

10 that bind transferase. The term "monoclonal antibody" or "monoclonal antibody 

composition", as used herein, refers to a population of antibody molecules that contain only 
one species of an antigen binding site capable of immunoreacting with a particular epitope 
of transferase. A monoclonal antibody composition thus typically displays a single binding 
affinity for a particular transferase protein with which it immunoreacts. 

15 Polyclonal anti-transferase antibodies can be prepared as described above by 

immunizing a suitable subject with a transferase immunogen. The anti-transferase antibody 
titer in the immunized subject can be monitored over time by standard techniques, such as 
with an enzyme linked immunosorbent assay (ELISA) using immobilized transferase. If 
desked^the antibody mol^L^^^ be isolated from the 

20 mammal (e.g., from the blood) and further purified by well known techniques, such as 
protein A chromatography to obtain the IgG fraction. At an appropriate time after 
immunization, e.g., when the anti-transferase antibody titers are highest, antibody- 
producing cells can be obtained from the subject and used to prepare monoclonal 
antibodies by standard techniques, such as the hybridoma technique originally described by 

25 Kohler and Milstein (1975) Nature 256:495-497) (see also, Brown et al (1981) J. 

Immunol 127:539-46; Brown et al (1980) J. Biol Chem .255:4980-83; Yeh et al (1976) 
Proc. Natl Acad. Set USA 76:2927-31; and Yeh et al (1982) InL J. Cancer 29:269-75), 
the more recent human B ceil hybridoma technique (Kozbor et al (1983) Immunol Today 
4:72), the EBV-hybridoma technique (Cole et al (1985), Monoclonal Antibodies and 

30 Cancer TJterapy, Alan R. Liss, Inc., pp. 77-96) or trioma techniques. The technology for 
producing monoclonal antibody hybridomas is well known (see generally R. H. Kenneth, in 
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Monoclonal Antibodies: A New Dimension In Biological Analyses, Plenum Publishing 
Corp., New York, New York (1980); E. A. Lerner (1981) Yale J, Biol Med, 54:387-402; 
M. L. Gefter et al (1977) Somatic Cell Genet. 3:231-36). Briefly, an immortal cell line 
(typically a myeloma) is fused to lymphocytes (typically splenocytes) from a mammal 
5 immunized with a transferase immunogen as described above, and the culture supernatants 
of the resulting hybridoma cells are screened to identify a hybridoma producing a 
monoclonal antibody that binds transferase. 

Any of the many well known protocols used for fusing lymphocytes and 
immortalized cell lines can be applied for the purpose of generating an anti-transferase 
10 monoclonal antibody (see, e.g., G. Galfre et al (1977) Nature 266:55052; Gefter et al 
Somatic Cell Genet, cited supra; Lerner, Yale J. Biol Med., cited supra; Kenneth, 
Monoclonal Antibodies, cited supra). Moreover, the ordinarily skilled worker will 
appreciate that there are many variations of such methods which also would be useful. 
Typically, the immortal cell line (e.g., a myeloma cell line) is derived from the same 
1 5 mammalian species as the lymphocytes. For example, murine hybridomas can be made by 
fusing lymphocytes from a mouse immunized with an immunogenic preparation of the 
present invention with an immortalized mouse cell line. Preferred immortal cell lines are 
mouse myeloma cell lines that are sensitive to culture medium containing hypoxanthine, 
aminopterin and thymidine ('BAT medium"): A^df 
20 be used as a fusion partner according to standard techniques, e.g., the P3-NSl/l-Ag4-l, P3- 
x63-Ag8.653 or Sp2/0-Agl4 myeloma lines. These myeloma lines are available from 
ATCC. Typically, HAT-sensitive mouse myeloma cells are fused to mouse splenocytes 
] using polyethylene glycol ('TEG"). Hybridoma cells resulting from the fusion are then 

selected using HAT medium, which kills unfused and unproductively fused myeloma cells 
25 (unfused splenocytes die after several days because they are not transformed). Hybridoma 
cells producing a monoclonal antibody of the invention are detected by screening the 
hybridoma culture supernatants for antibodies that bind transferase, e.g., using a standard 
ELISA assay. 

Alternative to preparing monoclonal antibody-secreting hybridomas, a monoclonal 
30 anti-transferase antibody can be identified and isolated by screening a recombinant 
combinatorial immunoglobulin library (e.g., an antibody phage display library) with 



56 



WO 01/64904 



PCT/US01/06463 



transferase to thereby isolate immunoglobulin library members that bind transferase. Kits 
for generating and screening phage display libraries are commercially available (e.g., the 
Pharmacia Recombinant Phage Antibody System, Catalog No. 27-9400-01; and the 
Stratagene SurfZAP™ Phage Display Kit, Catalog No. 240612). Additionally, examples of 
5 methods and reagents particularly amenable for use in generating and screening antibody 
display library can be found in, for example, Ladner et al. U.S. Patent No. 5,223,409; Kang 
et al. PCT International Publication No. WO 92/18619; Dower et al. PCT International 
Publication No. WO 91/17271; Winter et al. PCT International Publication WO 92/20791; 
Markland et al. PCT International Publication No. WO 92/15679; Breitling et al. PCT 
10 International Publication WO 93/01288; McCafferty et al. PCT International Publication 
No. WO 92/01047; Garrard et al. PCT International Publication No. WO 92/09690; Ladner 
et al. PCT International Publication No. WO 90/02809; Fuchs et al. (1991) Bio/Technology 
9:1370-1372; Hay era/. (1992) Hum. Antibod. Hybridomas 3:81-85; Huse et al. (1989) 
Science 246:1275-1281; Griffiths et al. (1993) EMBO J 12:725-734; Hawkins et al. (1992) 
15 J. Mol. Biol. 226:889-896; Clarkson et al. (1991) Nature 352:624-628; Gram et al. (1992) 
Proc. Natl. Acad. Sci. USA 89:3576-3580; Garrad et al. (1991) Bio/Technology 9:1373- 
1377; Hoogenboom et al. (1991) Nuc. Acid Res. 19:4133-4137; Barbas et al. (1991) Proc. 
Natl. Acad. Sci. USA 88:7978-7982; and McCafferty et al. Nature (1990) 348:552-554. 
Additionally, recombinant anti-transferase antibodies, such as chimeric and 
20 humanized monoclonal antibodies, comprising both human and non-human portions, which 
can be made using standard recombinant DNA techniques, are within the scope of the 
invention. Such chimeric and humanized monoclonal antibodies can be produced by 
recombinant DNA techniques known in the art, for example using methods described in 
Robinson et al. International Application No. PCT/US86/02269; Akira, et al. European 
25 Patent Application 184,187; Taniguchi, M., European Patent Application 171,496; 

Morrison et al. European Patent Application 173,494; Neuberger et al PCT International 
Publication No. WO 86/01533; Cabilly etal. U.S. Patent No. 4,816,567; Cabilly et al. 
European Patent Application 125,023; Better et al. (1988) Science 240:1041-1043; Liu et 
al. (1987) Proc. Natl. Acad. Sci. USA 84:3439-3443; Liu et al. (1987) /. Immunol. 
30 139:3521-3526; Sun et al. (1987) Proc. Natl. Acad. Sci. USA 84:214-218; Nishimura et al. 
(1987) Cane. Res. 47:999-1005; Wood et al. (1985) Nature 314:446-449; and Shaw et al. 
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(1988) J.Natl Cancer Inst 80:1553-1559); Morrison, S.L. (1985) Science 229:1202- 
1207; Oi et al (1986) BioTechniques 4:214; Winter U.S. Patent 5,225,539; Jones et al 
(1986) Nature 321 :552-525; Verhoeyan et al (1988) Science 239:1534; and Beidler et al 
(1988) 1 Immunol 141:4053-4060. 
5 Completely human antibodies are particularly desirable for therapeutic treatment of 

human patients. Such antibodies can be produced using transgenic mice which are 
incapable of expressing endogenous immunoglobulin heavy and light chain genes, but 
which can express human heavy and light chain genes. The transgenic mice are immunized 
in the normal fashion with a selected antigen, e.g., all or a portion of a polypeptide 

1 0 corresponding to a marker of the invention. Monoclonal antibodies directed against the 
antigen can be obtained using conventional hybridoma technology. The human 
immunoglobulin transgenes harbored by the transgenic mice rearrange during B cell 
differentiation, and subsequently undergo class switching and somatic mutation. Thus, 
using such a technique, it is possible to produce therapeutically useful IgG, IgA and IgE 

1 5 antibodies. For an overview of this technology for producing human antibodies, see 

Lonberg and Huszar (1995, Int Rev. Immunol, 13:65-93). For a detailed discussion of this 
technology for producing human antibodies and human monoclonal antibodies and 
protocols for producing such antibodies, see e.g., U.S. Patent 5,625,126; U.S. Patent 
— — 5,633;425; U:SrPat©St-5,569;825 j"U.S; Pa^5766l70T6andU.S. Patent 5,545,806. In 

20 addition, companies such as Abgenix, Inc. (Freemont, CA) can be engaged to provide 
human antibodies directed against a selected antigen using technology similar to that 
described above. 

Completely human antibodies which recognize a selected epitope can be generated 
using a technique referred to as "guided selection." In this approach a selected non-human 
25 monoclonal antibody, e.g., a murine antibody, is used to guide the selection of a completely 
human antibody recognizing the same epitope (Jespers et al (1994) Bio/technology 12:899- 
903). 

Alternatively, an appropriate single-chain antibody (scFV) may be engineered (see, 
for example, Colcher, D., et al Ann N YAcad Sci 1999 Jun 30;880:263-80; and Reiter, Y. 
30 Clin Cancer Res 1996 Feb; 2(2):245-52). Such molecules contain only the Fv portion of 
the antibody (the portion of the antibody which specifically recognizes the antigen epitope) 
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and none of the typical bioactive portions of the antibody. As such, they are significantly 
smaller in size than a regular antibody, and may conveniently be dimerized or multimerized 
to generate multivalent antibodies having specificities for different epitopes of the same 
target transferase protein. 
5 An anti-transferase antibody (e.g., monoclonal antibody) can be used to isolate 

transferase by standard techniques, such as affinity chromatography or 
immunoprecipitation. An anti-transferase antibody can facilitate the purification of natural 
transferase from cells and of recombinantly produced transferase expressed in host cells. 
Moreover, an anti-transferase antibody can be used to detect transferase protein (e.g., in a 

10 cellular lysate or cell supernatant) in order to evaluate the abundance and pattern of 

expression of the transferase protein. Anti-transferase antibodies can be used diagnostically 
to monitor protein levels in tissue as part of a clinical testing procedure, e.g., to, for 
example, determine the efficacy of a given treatment regimen. Detection can be facilitated 
by coupling (i.e., physically linking) the antibody to a detectable substance. Examples of 

15 detectable substances include various enzymes, prosthetic groups, fluorescent materials, 
luminescent materials, bioluminescent materials, and radioactive materials. Examples of 
suitable enzymes include horseradish peroxidase, alkaline phosphatase, p-galactosidase, or 
acetylcholinesterase; examples of suitable prosthetic group complexes include 
streptavidinftiotinand avidin^ materials include 

20 umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine 
fluorescein, dansyl chloride or phycoerythrin; an example of a luminescent material 
includes luminol; examples of bioluminescent materials include luciferase, luciferin, and 
aequorin, and examples of suitable radioactive material include 125 1, 131 1, 35 S or 3 H. 

25 HI. Recombinant Expression Vectors and Host Cells 

Another aspect of the invention pertains to vectors, preferably expression vectors, 
containing a nucleic acid encoding a transferase protein (or a portion thereof). As used 
herein, the term "vector" refers to a nucleic acid molecule capable of transporting another 
nucleic acid to which it has been linked. One type of vector is a "plasmid", which refers to 

30 a circular double stranded DNA loop into which additional DNA segments can be ligated. 
Another type of vector is a viral vector, wherein additional DNA segments can be ligated 
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into the viral genome. • Certain vectors are capable of autonomous replication in a host cell 
into which they are introduced (e.g., bacterial vectors having a bacterial origin of 
replication and episomal mammalian vectors). Other vectors (e.g., non-episomal 
mammalian vectors) are integrated into the genome of a host cell upon introduction into the 
host cell, and thereby are replicated along with the host genome. Moreover, certain vectors 
are capable of directing the expression of genes to which they are operatively linked. Such 
vectors are referred to herein as "expression vectors". In general, expression vectors of 
utility in recombinant DNA techniques are often in the form of plasmids. In the present 
specification, "plasmid" and 'Vector" can be used interchangeably as the plasmid is the 
most commonly used form of vector. However, the invention is intended to include such 
other forms of expression vectors, such as viral vectors (e.g., replication defective 
retroviruses, adenoviruses and adeno-associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of the 
invention in a form suitable for expression of the nucleic acid in a host cell, which means 
that the recombinant expression vectors include one or more regulatory sequences, selected 
on the basis of the host cells to be used for expression, which is operatively linked to the 
nucleic acid sequence to be expressed. Within a recombinant expression vector, "operably 
linked" is intended to mean that the nucleotide sequence of interest is linked to the 
regulatory sequences) in a maimer which allows for expression of the nucleotide sequence 
(e.g., in an in vitro transcription/translation system or in a host cell when the vector is 
introduced into the host cell). The term "regulatory sequence" is intended to include 
promoters, enhancers and other expression control elements (e.g., polyadenylation signals). 
Such regulatory sequences are described, for example, in Goeddel; Gene Expression 
Technology: Methods in Enzyinology 185, Academic Press, San Diego, CA (1990). 
Regulatory sequences include those which direct constitutive expression of a nucleotide 
sequence in many types of host cells and those which direct expression of the nucleotide 
sequence only in certain host cells (e.g., tissue-specific regulatory sequences). It will be 
appreciated by those skilled in the art that the design of the expression vector can depend 
on such factors as the choice of the host cell to be transformed, the level of expression of 
protein desired, and the like. The expression vectors of the invention can be introduced 
into host cells to thereby produce proteins or peptides, including fusion proteins or 
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peptides, encoded by nucleic acids as described herein (e.g., transferase proteins, mutant 
forms of transferase proteins, fusion proteins, and the like). 

The recombinant expression vectors of the invention can be designed for expression 
of transferase proteins in prokaryotic or eukaryotic cells. For example, transferase proteins 
5 can be expressed in bacterial cells such as E. coli, insect cells (using baculovirus expression 
vectors) yeast cells or mammalian cells. Suitable host cells are discussed further in 
Goeddel, Gene Expression Technology: Methods in Enzymology 185, Academic Press, San 
Diego, CA (1990). Alternatively, the recombinant expression vector can be transcribed and 
translated in vitro, for example using T7 promoter regulatory sequences and T7 
10 polymerase. 

Expression of proteins in prokaryotes is most often carried out in E. coli with 
vectors containing constitutive or inducible promoters directing the expression of either 
fusion or non-fusion proteins. Fusion vectors add a number of amino acids to a protein 
encoded therein, usually to the amino terminus of the recombinant protein. Such fusion 

15 vectors typically serve three purposes: 1) to increase expression of recombinant protein; 2) 
to increase the solubility of the recombinant protein; and 3) to aid in the purification of the 
recombinant protein by acting as a ligand in affinity purification. Often, in fusion 
expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion 

moiety and the recombinant protein t^^^ protein from 

20 the fusion moiety subsequent to purification of the fusion protein. Such enzymes, and their 
cognate recognition sequences, include Factor Xa, thrombin and enterokinase. Typical 
fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith, D.B. and Johnson, 
K.S. (1988) Gene 67:31-40), pMAL (New England Biolabs, Beverly, MA) and pRIT5 
(Pharmacia, Piscataway, NJ) which fuse glutathione S-transferase (GST), maltose E 

25 binding protein, or protein A, respectively, to the target recombinant protein. 

Purified fusion proteins can be utilized in transferase activity assays, (e.g., direct 
assays or competitive assays described in detail below), or to generate antibodies specific 
for transferase proteins, for example. In a preferred embodiment, a transferase fusion 
protein expressed in a retroviral expression vector of the present invention can be utilized 

30 to infect bone marrow cells which are subsequently transplanted into irradiated recipients. 
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The pathology of the subject recipient is then examined after sufficient time has passed 
(e.g., six (6) weeks). 

Examples of suitable inducible non-fusion E. coli expression vectors include pTrc 
(Amann etaL, (1988) Gene 69:301-315) andpET lld(Studieref al 9 Gene Expression 
5 Technology: Methods in Enzymology 185, Academic Press, San Diego, California (1990) 
60-89). Target gene expression from the pTrc vector relies on host RNA polymerase 
transcription from a hybrid trp-lac fusion promoter. Target gene expression from the pET 
1 Id vector relies on transcription from a 17 gnl 0-lac fusion promoter mediated by a 
coexpressed viral RNA polymerase (T7 gnl). This viral polymerase is supplied by host 

10 strains BL21(DE3) or HMS174(DE3) from a resident prophage harboring a 17 gnl gene 
under the transcriptional control of the lacUV 5 promoter. 

One strategy to maximize recombinant protein expression in E. coli is to express the 
protein in a host bacteria with an impaired capacity to proteolytically cleave the 
recombinant protein (Gottesman, S., Gene Expression Technology: Methods in Enzymology 

15 185, Academic Press, San Diego, California (1990) 1 19-128). Another strategy is to alter 
the nucleic acid sequence of the nucleic acid to be inserted into an expression vector so that 
the individual codons for each amino acid are those preferentially utilized in E. coli (Wada 
et al., (1992) Nucleic Acids Res. 20:21 1 1-2118). Such alteration of nucleic acid sequences 
of the invention can be carried out by standard DNA synthesis techniques. 

20 In another embodiment, the transferase expression vector is a yeast expression 

vector. Examples of vectors for expression in yeast S. cerevisiae include pYepSecl 
(Baldari, et al, (1987) Embo 1 6:229-234), pMFa (Kurjan and Herskowitz, (1982) Cell 
30:933-943), i?JRY88 (Schultz etaL, (1987) Gene 54:113-123), pYES2 (Invitrogen 
Corporation, San Diego, CA), and picZ (InVitrogen Corp, San Diego, CA). 

25 Alternatively, transferase proteins can be expressed in insect cells using baculovirus 

expression vectors. Baculovirus vectors available for expression of proteins in cultured 
insect cells (e.g., Sf 9 cells) include the pAc series (Smith et al (1983) Mol Cell Biol 
3:2156-2165) and the pVL series (Lucklow and Summers (1989) Virology 170:31-39). 
In yet another embodiment, a nucleic acid of the invention is expressed in 

30 mammalian cells using a mammalian expression vector. Examples of mammalian 
expression vectors include pCDM8 (Seed, B. (1987) Nature 329:840) and pMT2PC 
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(Kaufinane* al (19S7) EMBO J. 6:187-195). When used in mammalian cells, the 
expression vector's control functions are often provided by viral regulatory elements. For 
example, commonly used promoters are derived from polyoma, Adenovirus 2, 
cytomegalovirus and Simian Virus 40. For other suitable expression systems for both 
5 prokaryotic and eukaryotic cells see chapters 16 and 17 of Sambrook, J., Fritsh, E. R, and 
Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd, ed. t Cold Spring Harbor 
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989. 

In another embodiment, the recombinant mammalian expression vector is capable 
of directing expression of the nucleic acid preferentially in a particular cell type (e.g., 

10 tissue-specific regulatory elements are used to express the nucleic acid). Tissue-specific 
regulatory elements are known in the art. Non-limiting examples of suitable tissue-specific 
promoters include the albumin promoter (liver-specific; Pinkert et al (1987) Genes Dev. 
1:268-277), lymphoid-specific promoters (Calame and Eaton (1988) Adv. Immunol. 
43:235-275), in particular promoters of T cell receptors (Winoto and Baltimore (1989) 

15 EMBOJ. 8:729-733) and immunoglobulins (Banerji et al (1983) Cell 33:729-740; Queen 
and Baltimore (1983) Cell 33:741-748), neuron-specific promoters (e.g., the neurofilament 
promoter; Byrne and Ruddle (1989) Proc. Natl. Acad. Set USA 86:5473-5477), pancreas- 
specific promoters (Edlund et al (1985) Science 230:912-916), and mammary gland- 
specific promoters (^g.,~milk whey promoter, U.S. Patent No. 4,873,3 16 and European 

20 Application Publication No. 264,1 66). Developmentally-regulated promoters are also 
encompassed, for example the murine hox promoters (Kessel and Gruss (1990) Science 
249:374-379) and the a-fetoprotein promoter (Campes and Tilghman (1989) Genes Dev. 
3:537-546). 

The invention further provides a recombinant expression vector comprising a DNA 
25 molecule of the invention cloned into the expression vector in an antisense orientation. 
That is, the DNA molecule is operatively linked to a regulatory sequence in a manner 
which allows for expression (by transcription of the DNA molecule) of an RNA molecule 
which is antisense to transferase mRNA. Regulatory sequences operatively linked to a 
nucleic acid cloned in the antisense orientation can be chosen which direct the continuous 
30 expression of the antisense RNA molecule in a variety of cell types, for instance viral 
promoters and/or enhancers, or regulatory sequences can be chosen which direct 
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constitutive, tissue specific or cell type specific expression of antisense RNA. The 
antisense expression vector can be in the form of a recombinant plasmid, phagemid or 
attenuated virus in which antisense nucleic acids are produced under the control of a high 
efficiency regulatory region, the activity of which can be determined by the cell type into 
5 which the vector is introduced. For a discussion of the regulation of gene expression using 
antisense genes see Weintraub, H. et ai 9 Antisense RNA as a molecular tool for genetic 
analysis, Reviews - Trends in Genetics, Vol. 1(1) 1986. 

Another aspect of the invention pertains to host cells into which a transferase 
nucleic acid molecule of the invention is introduced, e.g., a transferase nucleic acid 

10 molecule within a recombinant expression vector or a transferase nucleic acid molecule 
containing sequences which allow it to homologously recombine into a specific site of the 
host cell's genome. The terms "host ceir and "recombinant host cell" are used 
interchangeably herein. It is understood that such terms refer not only to the particular 
subject cell but to the progeny or potential progeny of such a cell. Because certain 

15 modifications may occur in succeeding generations due to either mutation or environmental 
influences, such progeny may not, in fact, be identical to the parent cell, but are still 
included within the scope of the term as used herein. 

A host cell can be any prokaryotic or eukaryotic cell. Forexample, a fransferase_ 
protein can be expressed in bacterial cells such as E. coli, insect ceils, yeast or mammalian 

20 cells (such as Chinese hamster ovary cells (CHO) or COS cells). Other suitable host cells 
are known to those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventional 
transformation or transfection techniques. As used herein, the terms "transformation" and 
"transfection" are intended to refer to a variety of art-recognized techniques for introducing 

25 foreign nucleic acid (e.g., DNA) into a host cell, including calcium phosphate or calcium 
chloride co-precipitation, DEAE-dextran-mediated transfection, lipofection, or 
electropoiation. Suitable methods for transforming or transfecting host cells can be found 
in Sambrook, et ah (Molecular Cloning: A Laboratory Manual. 2nd, ed. f Cold Spring 
Harbor Laboratory, Cold Spring Haibor Laboratory Press, Cold Spring Harbor, NY, 1989), 

30 and other laboratory manuals. 
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For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may 
integrate the foreign DNA into their genome. In order to identify and select these 
integrants, a gene that encodes a selectable marker (e.g., resistance to antibiotics) is 
generally introduced into the host cells along with the gene of interest. Preferred selectable 
markers include those which confer resistance to drugs, such as G418, hygromycin and 
methotrexate. Nucleic acid encoding a selectable marker can be introduced into a host cell 
on the same vector as that encoding a transferase protein or can be introduced on a separate 
vector. Cells stably transfected with the introduced nucleic acid can be identified by drug 
selection (e.g., cells that have incorporated the selectable marker gene will survive, while 
the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in culture, 
can be used to produce (i.e., express) a transferase protein. Accordingly, the invention 
further provides methods for producing a transferase protein using the host cells of the 
invention. In one embodiment, the method comprises culturing the host cell of the 
invention (into which a recombinant expression vector encoding a transferase protein has 
been introduced) in a suitable medium such that a transferase protein is produced. In 
another embodiment, the method further comprises isolating a transferase protein from the 
medium or the host cell. 

The host cells of the invention can also be used to produce non-human transgenic 
animals. For example, in one embodiment, a host cell of the invention is a fertilized oocyte 
or an embryonic stem cell into which transferase-coding sequences have been introduced. 
Such host cells can then be used to create non-human transgenic animals in which 
exogenous transferase sequences have been introduced into their genome or homologous 
recombinant animals in which endogenous transferase sequences have been altered. Such 
animals are useful for studying the function and/or activity of a transferase protein and for 
identifying and/or evaluating modulators of transferase activity. As used herein, a 
"transgenic animal" is a non-human animal, preferably a mammal, more preferably a rodent 
such as a rat or mouse, in which one or more of the cells of the animal includes a transgene. 
Other examples of transgenic animals include non-human primates, sheep, dogs, cows, 
goats, chickens, amphibians, and the like. A transgene is exogenous DNA which is 
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integrated into the genome of a cell from which a transgenic animal develops and which 
remains in the genome of the mature animal, thereby directing the expression of an encoded 
gene product in one or more cell types or tissues of the transgenic animal. As used herein, 
a "homologous recombinant animal" is a non-human animal, preferably a mammal, more 
5 preferably a mouse, in which an endogenous transferase gene has been altered by 
homologous recombination between the endogenous gene and an exogenous DNA 
molecule introduced into a cell of the animal, e.g., an embryonic cell of the animal, prior to 
development of the animal. 

A transgenic animal of the invention can be created by introducing a transferase- 

10 encoding nucleic acid into the male pronuclei of a fertilized oocyte, e.g., by microinjection, 
retroviral infection, and allowing the oocyte to develop in a pseudopregnant female foster 
animal. The transferase cDNA sequence corresponding to SEQ ID NO: 1, 3, 5, 7, or 9 can 
be introduced as a transgene into the genome of a non-human animal. Alternatively, a non- 
human homologue of a human transferase gene, such as a rat or mouse transferase gene, 

15 can be used as a transgene. Alternatively, a transferase gene homologue, such as another 
transferase family member, can be isolated based on hybridization to the transferase 
corresponding to sequences of SEQ ID NOs:l, 3, 5, 7, and 9 (described further in 
subsection I above) and used as a transgene. Intronic sequences and polyadenylation 
signals can also be included in the transgene to increase the efficiency of expression of the 

20 transgene. A tissue-specific regulatory sequence(s) can be operably linked to a transferase 
transgene to direct expression of a transferase protein to particular cells. Methods for 
generating transgenic animals via embryo manipulation and microinjection, particularly 
animals such as mice, have become conventional in the art and are described, for example, 
in U.S. Patent Nos. 4,736,866 and 4,870,009, both by Leder et aL, U.S. Patent No. 

25 4,873,191 by Wagner et aL and in Hogan, B., Manipulating the Mouse Embryo, (Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986). Similar methods are 
used for production of other transgenic animals. A transgenic founder animal can be 
identified based upon the presence of a transferase transgene in its genome and/or 
expression of transferase mRNA in tissues or cells of the animals. A transgenic founder 

30 animal can then be used to breed additional animals carrying the transgene. Moreover, 
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transgenic animals cairying a transgene encoding a transferase protein can further be bred 
to other transgenic animals carrying other transgenes. 

To create a homologous recombinant animal, a vector is prepared which contains at 
least a portion of a transferase gene into which a deletion, addition or substitution has been 
5 introduced to thereby alter, e.g., functionally disrupt, the transferase gene. The transferase 
gene can be a human gene (e.g., the cDNA corresponding to SEQ ID NO:l, 3, 5, 7, or 9), 
but more preferably, is a non-human homolog of a human transferase gene (e.g., a cDNA 
isolated by stringent hybridization with the nucleotide sequence of SEQ ID NO:l, 3, 5, 7, 
or 9). For example, a mouse transferase gene can be used to construct a homologous 

10 recombination nucleic acid molecule, e.g., a vector, suitable for altering an endogenous 
transferase gene in the mouse genome. In a preferred embodiment, the homologous 
recombination nucleic acid molecule is designed such that, upon homologous 
recombination, the endogenous transferase gene is functionally disrupted (i.e., no longer 
encodes a functional protein; also referred to as a "knock out" vector). Alternatively, the 

15 homologous recombination nucleic acid molecule can be designed such that, upon 
homologous recombination, the endogenous transferase gene is mutated or otherwise 
altered but still encodes functional protein (e.g., the upstream regulatory region can be 
altered to thereby alter the expression of the endogenous transferase protein). In the 
homologous recombination nucleic acid molecule, the altered portion of the transferase 

20 gene is flanked at its 5 ! and 3 f ends by additional nucleic acid sequence of the transferase 
gene to allow for homologous recombination to occur between the exogenous transferase 
gene carried by the homologous recombination nucleic acid molecule and an endogenous 
transferase gene in a cell, e.g., an embryonic stem cell The additional flanking transferase 
nucleic acid sequence is of sufficient length for successful homologous recombination with 

25 the endogenous gene. Typically, several kilobases of flanking DNA (both at the 5 f and 3 f 
ends) are included in the homologous recombination nucleic acid molecule (see, e.g., 
Thomas, K.R. and Capecchi, M. R. (1987) Cell 51:503 for a description of homologous 
recombination vectors). The homologous recombination nucleic acid molecule is 
introduced into a cell, e.g., an embryonic stem cell line (e.g., by electroporation) and cells 

30 in which the introduced transferase gene has homologously recombined with the 

endogenous transferase gene are selected (see e.g., Li, E. et al (1992) Cell 69:915). The 
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selected cells can then injected into a blastocyst of an animal (e.g., a mouse) to form 
aggregation chimeras (see e.g., Bradley, A. in Teratocarcinomas and Embryonic Stem 
Cells: A Practical Approach, EJ. Robertson, ed. (ERL, Oxford, 1987) pp. 113-152). A 
chimeric embryo can then be implanted into a suitable pseudopregnant female foster animal 
and the embryo brought to term. Progeny harboring the homologously recombined DNA in 
their germ cells can be used to breed animals in which all cells of the animal contain the 
homologously recombined DNA by germline transmission of the transgene. Methods for 
constructing homologous recombination nucleic acid molecules, e.g., vectors, or 
homologous recombinant animals are described further in Bradley, A. (1991) Current 
Opinion in Biotechnology 2:823-829 and in PCT International Publication Nos.r WO 
90/1 1354 by Le Mouellec et al\ WO 91/01 140 by Smithies et ah; WO 92/0968 by Zijlstra 
et ah; and WO 93/04169 by Bems et ah 

In another embodiment, transgenic non-humans animals can be produced which 
contain selected systems which allow for regulated expression of the transgene. One 
example of such a system is the cre/loxP recombinase system of bacteriophage PL For a 
description of the cre/loxP recombinase system, see, e.g., Lakso et ah (1992) Proc. Nath 
Acad. Set USA 89:6232-6236. Another example of a recombinase system is the FLP 
recombinase system of Saccharomyces cerevisiae (O'Gorman et ah (1991) Science 
251:1351-1355. If a cre/loxP recombinase system is used to regulate expression of the 
transgene, animals containing transgenes encoding both the Cre recombinase and a selected 
protein are required. Such animals can be provided through the construction of "double" 
transgenic animals, e.g., by mating two transgenic animals, one containing a transgene 
encoding a selected protein and the other containing a transgene encoding a recombinase. 

Clones of the non-human transgenic animals described herein can also be produced 
according to the methods described in Wilmut, I. et ah (1997) Nature 385:810-813 and 
PCT International Publication Nos. WO 97/07668 and WO 97/07669. In brief, a cell, e.g., 
a somatic cell, from the transgenic animal can be isolated and induced to exit the growth 
cycle and enter G 0 phase. The quiescent cell can then be fused, e.g., through the use of 
electrical pulses, to an enucleated oocyte from an animal of the same species from which 
the quiescent cell is isolated. The reconstructed oocyte is then cultured such that it 
develops to morula or blastocyte and then transferred to pseudopregnant female foster 
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animal. The offspring borne of this female foster animal will be a clone of the animal from 
which the cell, e.g., the somatic cell, is isolated. 

IV. Pharmaceutical Compositions 

The transferase nucleic acid molecules, fragments of transferase proteins, and anti- 
transferase antibodies (also referred to herein as "active compounds") of the invention can 
be incorporated into pharmaceutical compositions suitable for administration. Such 
compositions typically comprise the nucleic acid molecule, protein, or antibody and a 
pharmaceutical^ acceptable carrier. As used herein the language "pharmaceutical^ 
acceptable carrier" is intended to include any and all solvents, dispersion media, coatings, 
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like, 
compatible with pharmaceutical administration. The use of such media and agents for 
pharmaceutical^ active substances is well known in the art. Except insofar as any 
conventional media or agent is incompatible with the active compound, use thereof in the 
compositions is contemplated. Supplementary active compounds can also be incorporated 
into the compositions. 

A pharmaceutical composition of the invention is formulated to be compatible with 
its intended route of administration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal 
(topical), transmucosal, and rectal administration. Solutions or suspensions used for 
parenteral, intradermal, or subcutaneous application can include the following components: 
a sterile diluent such as water for injection, saline solution, fixed oils, polyethylene glycols, 
glycerine, propylene glycol or other synthetic solvents; antibacterial agents such as benzyl 
alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite; 
chelating agents such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates 
or phosphates and agents for the adjustment of tonicity such as sodium chloride or 
dextrose. pH can be adjusted with acids or bases, such as hydrochloric acid or sodium 
hydroxide. The parenteral preparation can be enclosed in ampoules, disposable syringes or 
multiple dose vials made of glass or plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous 
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preparation of sterile injectable solutions or dispersion. For intravenous administration, 
suitable carriers include physiological saline, bacteriostatic water, Cremophor EL™ 
(BASF, Parsippany, NJ) or phosphate buffered saline (PBS). In all cases, the composition 
must be sterile and should be fluid to the extent that easy syringability exists. It must be 
5 stable under the conditions of manufacture and storage and must be preserved against the 
contaminating action of microorganisms such as bacteria and fungi. The carrier can be a 
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example, 
glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable 
mixtures thereof. The proper fluidity can be maintained, for example, by the use of a 

10 coating such as lecithin, by the maintenance of the required particle size in the case of 

dispersion and by the use of surfactants. Prevention of the action of microorganisms can be 
achieved by various antibacterial and antifungal agents, for example, parabens, 
chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, it will be 
preferable to include isotonic agents, for example, sugars, polyalcohols such as manitol, 

15 sorbitol, sodium chloride in the composition. Prolonged absorption of the injectable 

compositions can be brought about by including in the composition an agent which delays 
absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active compound 
(e.gT, a fragment of a transferase protein or an anti-transferase antibody) in the required 

20 amount in an appropriate solvent with one or a combination of ingredients enumerated 

above, as required, followed by filtered sterilization. Generally, dispersions are prepared by 
incorporating the active compound into a sterile vehicle which contains a basic dispersion 
medium and the required other ingredients from those enumerated above. In the case of 
sterile powders for the preparation of sterile injectable solutions, the preferred methods of 

25 preparation are vacuum drying and freeze-drying which yields a powder of the active 

ingredient plus any additional desired ingredient from a previously sterile-filtered solution 
thereof. 

Oral compositions generally include an inert diluent or an edible carrier. They can 
be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral 
30 therapeutic administration, the active compound can be incorporated with excipients and 
used in the form of tablets, troches, or capsules, oral compositions can also be prepared 
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using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is 
applied orally and swished and expectorated or swallowed. Pharmaceutical^ compatible 
binding agents, and/or adjuvant materials can be included as part of the composition. The 
tablets, pills, capsules, troches and the like can contain any of the following ingredients, or 
5 compounds of a similar nature: a binder such as macrocrystalline cellulose, gum tragacanth 
or gelatin; an excipient such as starch or lactose, a disintegrating agent such as alginic acid, 
Primogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; a glidant such 
as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring 
agent such as peppermint, methyl salicylate, or orange flavoring. 

10 For administration by inhalation, the compounds are delivered in the form of an 

aerosol spray from pressured container or dispenser which contains a suitable propellant, 
e.g., a gas such as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be 

1 5 permeated are used in the formulation. Such penetrants are generally known in the art, and 
include, for example, for transmucosal administration, detergents, bile salts, and fusidic 
acid derivatives. Transmucosal administration can be accomplished through the use of 
nasal sprays or suppositories. For transdermal administration, the active compounds are 
formulated into ointments, salves, gels, or creams as generally known in the art. 

20 The compounds can also be prepared in the form of suppositories (e.g., with 

conventional suppository bases such as cocoa butter and other glycerides) or retention 
enemas for rectal delivery. 

In one embodiment, the active compounds are prepared with carriers that will 
protect the compound against rapid elimination from the body, such as a controlled release 

25 formulation, including implants and microencapsulated delivery systems. Biodegradable, 
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides, 
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation 
of such formulations will be apparent to those skilled in the art. The materials can also be 
obtained commercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal 

30 suspensions (including liposomes targeted to infected cells with monoclonal antibodies to 
viral antigens) can also be used as pharmaceutically acceptable carriers. These can be 

71 



WO 01/64904 



PCT/USO 1/06463 



prepared according to methods known to those skilled in the art, for example, as described 
in US. Patent No. 4,522,811. 

It is especially advantageous to formulate oral or parenteral compositions in dosage 
unit form for ease of administration and uniformity of dosage. Dosage unit form as used 
5 herein refers to physically discrete units suited as unitary dosages for the subject to be 
treated; each unit containing a predetermined quantity of active compound calculated to 
produce the desired therapeutic effect in association with the required phannaceutical 
carrier. The specification for the dosage unit forms of the invention are dictated by and 
directly dependent on the unique characteristics of the active compound and the particular 

10 therapeutic effect to be achieved, and the limitations inherent in the art of compounding 
such an active compound for the treatment of individuals. 

Toxicity and therapeutic efficacy of such compounds can be determined by standard 
phannaceutical procedures in cell cultures or experimental animals, e.g., for determining 
the LD50 (the dose lethal to 50% of the population) and the ED50 (the dose therapeutically 

15 effective in 50% of the population). The dose ratio between toxic and therapeutic effects is 
the therapeutic index and it can be expressed as the ratio LD50/ED50. Compounds which 
exhibit large therapeutic indices are preferred. While compounds that exhibit toxic side 
effects may be used, care should be taken to design a delivery system that targets such 
compounds to the site of affected tissue in order to minimize potential damage to 

20 uninfected cells and, thereby, reduce side effects. 

The data obtained from the cell culture assays and animal studies can be used in 
formulating a range of dosage for use in humans. The dosage of such compounds lies 
preferably within a range of circulating concentrations that include the ED50 with little or 
no toxicity. The dosage may vary within this range depending upon the dosage form 

25 employed and the route of administration utilized. For any compound used in the method 
of the invention, the therapeutically effective dose can be estimated initially from cell 
culture assays. A dose may be formulated in animal models to achieve a circulating plasma 
concentration range that includes the IC50 (i.e., the concentration of the test compound 
which achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such 

30 information can be used to more accurately determine useful doses in humans. Levels in 
plasma may be measured, for example, by high performance liquid chromatography. 
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As defined herein, a therapeutically effective amount of protein or polypeptide (i.e., 
an effective dosage) ranges from about 0.001 to 30 mg/kg body weight, preferably about 
0.01 to 25 mg/kg body weight, more preferably about 0.1 to 20 mg/kg body weight, and 
even more preferably about 1 to 10 mg/kg, 2 to 9 mg/kg, 3 to 8 mg/kg, 4 to 7 mg/kg, or 5 to 
5 6 mg/kg body weight. The skilled artisan will appreciate that certain factors may influence 
the dosage required to effectively treat a subject, including but not limited to the severity of 
the disease or disorder, previous treatments, the general health and/or age of the subject, 
and other diseases present. Moreover, treatment of a subject with a therapeutically 
effective amount of a protein, polypeptide, or antibody can include a single treatment or, 

10 preferably, can include a series of treatments. 

In a preferred example, a subject is treated with antibody, protein, or polypeptide in 
the range of between about 0. 1 to 20 mg/kg body weight, one time per week for between 
about 1 to 10 weeks, preferably between 2 to 8 weeks, more preferably between about 3 to 
7 weeks, and even more preferably for about 4, 5, or 6 weeks. It will also be appreciated 

15 that the effective dosage of antibody, protein, or polypeptide used for treatment may 
increase or decrease over the course of a particular treatment Changes in dosage may 
result and become apparent from the results of diagnostic assays as described herein. 

The present invention encompasses agents which modulate expression or activity, 
agenfmay, for example, be a small molecule. For example, such small molecules 

20 include, but are not limited to, peptides, peptidomimetics (e.g., peptoids), amino acids, 
amino acid analogs, polynucleotides, polynucleotide analogs, nucleotides, nucleotide 
analogs, organic or inorganic compounds (i.e.,. including heteroorganic and organometallic 
compounds) having a molecular weight less than about 10,000 grams per mole, organic or 
inorganic compounds having a molecular weight less than about 5,000 grams per mole, 

25 organic or inorganic compounds having a molecular weight less than about 1,000 grams per 
mole, organic or inorganic compounds having a molecular weight less than about 500 
grams per mole, and salts, esters, and other pharmaceutical^ acceptable forms of such 
compounds. It is understood that appropriate doses of small molecule agents depends upon 
a number of factors within the ken of the ordinarily skilled physician, veterinarian, or 

30 researcher. The dose(s) of the small molecule will vary, for example, depending upon the 
identity, size, and condition of the subject or sample being treated, further depending upon 
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the route by which the composition is to be administered, if applicable, and the effect which 
the practitioner desires the small molecule to have upon the nucleic acid or polypeptide of 
the invention. Exemplary doses include milligram or microgram amounts of the small 
molecule per kilogram of subject or sample weight (e.g., about 1 microgram per kilogram 
5 to about 500 milligrams per kilogram, about 100 micrograms per kilogram to about 5 
milligrams per kilogram, or about 1 microgram per kilogram to about 50 micrograms per 
kilogram. It is furthermore understood that appropriate doses of a small molecule depend 
upon the potency of the small molecule with respect to the expression or activity to be 
modulated. Such appropriate doses may be determined using the assays described herein. 

10 When one or more of these small molecules is to be administered to an animal (e.g., a 
human) in order to modulate expression or activity of a polypeptide or nucleic acid of the 
invention, a physician, veterinarian, or researcher may, for example, prescribe a relatively 
low dose at first, subsequently increasing the dose until an appropriate response is obtained. 
In addition, it is understood that the specific dose level for any particular animal subject 

1 5 will depend upon a variety of factors including the activity of the specific compound 

employed, the age, body weight, general health, gender, and diet of the subject, the time of 
administration, the route of administration, the rate of excretion, any drug combination, and 
the degree of expression or activity to be modulated. 

Fufthef^an aritib6d)T(6r fragment thereof may be conjugated to a therapeutic 

20 moiety such as a cytotoxin, a therapeutic agent or a radioactive metal ion. A cytotoxin or 
cytotoxic agent includes any agent that is detrimental to cells. Examples include taxol, 
cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide, 
tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy 
anthracin dione, mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone, 

25 glucocorticoids, procaine, tetracaine, lidocaine, propranolol, and puromycin and analogs or 
homologs thereof. Therapeutic agents include, but are not limited to, antimetabolites (e.g., 
methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil decarbazine), 
alkylating agents (e.g., mechlorethamine, thioepa chlorambucil, melphalan, carmustine 
(BSNU) and lomustine (CCNU), cyclothosphamide, busulfan, dibromomannitol, 

30 streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) (DDP) cisplatin), 
anthracyclines (e.g., daunorubicin (formerly daunomycin) and doxorubicin), antibiotics 
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(e.g., dactinomycin (formerly actinomycin), bleomycin, mithramycin, and anthramycin 
(AMC)), and anti-mitotic agents (e.g., vincristine and vinblastine). 

The conjugates of the invention can be used for modifying a given biological 
response, the drug moiety is not to be construed as limited to classical chemical therapeutic 
5 agents. For example, the drug moiety may be a protein or polypeptide possessing a desired 
biological activity. Such proteins may include, for example, a toxin such as abrin, ricin A, 
pseudomonas exotoxin, or diphtheria toxin; a protein such as tumor necrosis factor, .alpha.- 
interferon, .beta.-interferon, nerve growth factor, platelet derived growth factor, tissue 
plasminogen activator; or, biological response modifiers such as, for example, 

10 lymphokines, interleukin-1 ("IM"), interleukin-2 ("IL-2"), interleukin-6 ("IL-6"), 
granulocyte macrophase colony stimulating factor ("GM-CSF"), granulocyte colony 
stimulating factor ("G-CSF"), or other growth factors. 

Techniques for conjugating such therapeutic moiety to antibodies are well known, 
see, e.g., Arnon et al, "Monoclonal Antibodies For Immunotargeting Of Drugs In Cancer 

15 Therapy", in Monoclonal Antibodies And Cancer Therapy, Reisfeld et al (eds.), pp. 243-56 
(Alan R. Liss, Inc. 1985); Hellstrom et al, "Antibodies For Drug Delivery", in Controlled 
Drug Delivery (2nd Ed.), Robinson et al (eds.), pp. 623-53 (Marcel Dekker, Inc. 1987); 
Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review", in 
Monoclonal Antibodies '84: Biological And Clinical Applications, Pinchera et al (eds.), 

20 pp. 475-506 (1985); "Analysis, Results, And Future Prospective Of The Therapeutic Use 
Of Radiolabeled Antibody In Cancer Therapy", in Monoclonal Antibodies For Cancer 
Detection And Therapy, Baldwin et al (eds.), pp. 303-16 (Academic Press 1985), and 
Thorpe et al, 'The Preparation And Cytotoxic Properties Of Antibody-Toxin Conjugates", 
Immunol Rev., 62:1 19-58 (1982). Alternatively, an antibody can be conjugated to a second 

25 antibody to form an antibody heteroconjugate as described by Segal in U.S. Patent No. 
4,676,980. 

The nucleic acid molecules of the invention can be inserted into vectors and used as 
gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for example, 
intravenous injection, local administration (see U.S. Patent 5,328,470) or by stereotactic 
30 injection (see e.g., Chen et al (1994) Proa Natl Acad Sci USA 91:3054-3057). The 
pharmaceutical preparation of the gene therapy vector can include the gene therapy vector 
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in an acceptable diluent, or can comprise a slow release matrix in which the gene delivery 
vehicle is imbedded. Alternatively, where the complete gene delivery vector can be 
produced intact from recombinant cells, e.g., retroviral vectors, the pharmaceutical 
preparation can include one or more cells which produce the gene delivery system. 
5 The pharmaceutical compositions can be included in a container, pack, or dispenser 

together with instructions for administration. 

V. Uses and Methods of the Invention 

The nucleic acid molecules, proteins, protein homologues, and antibodies described 

10 herein can be used in one or more of the following methods: a) screening assays; b) 
predictive medicine (e.g., diagnostic assays, prognostic assays, monitoring clinical trials, 
and pharmacogenetics); and c) methods of treatment (e.g., therapeutic and prophylactic). As 
described herein, a transferase protein of the invention has one or more of the following 
activities: (1) it interacts with a non-transferase protein molecule, e.g., a transferase 

15 substrate, such as a transferase receptor; (2) it activates a transferase-dependent signal 
transduction pathway; (3) it modulates cell proliferation, differentiation, and/or migration 
mechanisms; (4) it modulates angiogenesis, and, thus, can be used to, for example, (1) 

modulate the interaction with a non-transfe rase protein molecule; (2) to activ ate a 

transferase-dependent signal transduction pathway; (3) to modulate cell proliferation, 

20 differentiation, and/or migration mechanisms; (4) to modulate angiogenesis. 

The isolated nucleic acid molecules of the invention can be used, for example, to 
express transferase protein (e.g., via a recombinant expression vector in a host cell in gene 
therapy applications), to detect transferase mRNA (e.g., in a biological sample) or a genetic 
alteration in a transferase gene, and to modulate transferase activity, as described further 

25 below. The transferase proteins can be used to treat disorders characterized by insufficient 
or excessive production of a transferase substrate or production of transferase inhibitors. In 
addition, the transferase proteins can be used to screen for naturally occurring transferase 
substrates, to screen for drugs or compounds which modulate transferase activity, as well as 
to treat disorders characterized by insufficient or excessive production of transferase 

30 protein or production of transferase protein forms which have decreased, aberrant or 

unwanted activity compared to transferase wild type protein (e.g., cell proliferation and/or 
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differentiation disorders, such as disorders characterized by aberrant angiogenesis). 
Moreover, the anti-transferase antibodies of the invention can be used to detect and isolate 
transferase proteins, regulate the bioavailability of transferase proteins, and modulate 
transferase activity. 

5 

A. Screening Assays: 

The invention provides methods (also referred to herein as "screening assays") for 
identifying modulators, i.e., candidate or test compounds or agents (e.g., peptides, 
peptidomimetics, peptoids, small molecules or other drugs) which bind to transferase 

10 proteins, have a stimulatory or inhibitory effect on, for example, transferase expression or 
transferase activity, or have a stimulatory or inhibitory effect on, for example, the 
expression or activity of a transferase substrate. Compounds thus identified can be used to 
modulate the activity of target gene products in a therapeutic protocol, to elaborate the 
biological function of the target gene product, or to identify compounds that disrupt normal 

15 target gene interactions. The preferred target genes/products used in this embodiment are 
the transferase genes of the present invention. 

Assays for the Detection of Binding Between a Test Compound and the Transferase Protein 
^Product 

20 In one embodiment, the invention provides assays for screening candidate or test 

compounds which are substrates of a transferase protein or polypeptide or biologically 
active portion thereof. In another embodiment, the invention provides assays for screening 
candidate or test compounds which bind to or modulate the activity of a transferase protein 
or polypeptide or biologically active portion thereof. 

25 The test compounds of the present invention can be obtained using any of the 

numerous approaches in combinatorial library methods known in the art, including: 
biological libraries; peptoid libraries [libraries of molecules having the functionalities of 
peptides, but with a novel, non-peptide backbone which are resistant to enzymatic 
degradation but which nevertheless remain bioactive] (see, e.g., Zuckennann, R.N. et al J. 

30 Med. Chem. 1994, 37: 2678-85); spatially addressable parallel solid phase or solution phase 
libraries; synthetic library methods requiring deconvolution; the 'one-bead one-compound 1 
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library method; and synthetic library methods using affinity chromatography selection. The 
biological library and peptoid library approaches are limited to peptide libraries, while the 
other four approaches are applicable to peptide, non-peptide oligomer or small molecule 
libraries of compounds (Lam, K.S. (1997) Anticancer Drug Des. 12:145). 
5 Examples of methods for the synthesis of molecular libraries can be found in the 

art, for example in: DeWitt et al (1993) Proa Natl. Acad Sci. USA. 90:6909; Erb et ah 
(1994) Proa Natl Acad. Sci USA 91:11422; Zuckermann et al (1994). J. Med. Chem. 
37:2678; Cho et al (1993) Science 261:1303; Carrell et al (1994) Angew. Chem. Int. Ed. 
Engl 33:2059; Carell et al (1994) Angew. Chem. Int. Ed. Engl. 33:2061; and in Gallop et 

10 al (1994)/. Med. Chem. 37:1233. 

Libraries of compounds maybe presented in solution (e.g., Houghten (1992) 
Biotechniques 13:412-421), or on beads (Lam (1991) Nature 354:82-84), chips (Fodor 
(1993) Nature 364:555-556), bacteria (Ladner USP 5,223,409), spores (Ladner USP *409), 
plasmids (Cull et al (1 992) Proc Natl Acad Sci USA 89:1 865- 1 869) or on phage (Scott and 

15 Smith (1990) Science 249:386-390); (Devlin (1990) Science 249:404-406); (Cwirla et al 
(1990) Proc. Natl Acad Sci. 87:6378-6382); (Felici (1991) J. Mol Biol 222:301-310); 
(Ladner supra.). 

In one embodiment, an assay is a cell-based assay in which a cell which expresses a 
transferase protein or biologically active portion thereof is contacted with a test compound 

20 and the ability of the test compound to modulate transferase activity is determined. 
Determining the ability of the test compound to modulate transferase activity can be 
accomplished by monitoring, for example, intracellular calcium and inositol 1,4,5- 
trisphosphate (IP3) levels, cell growth, and cell chemotaxis. The cell, for example, can be 
of mammalian origin, e.g., an endothelial cell. 

25 The ability of the test compound to modulate transferase binding to a substrate or to 

bind to transferase can also be determined. Determining the ability of the test compound to 
modulate transferase binding to a substrate can be accomplished, for example, by coupling 
the transferase substrate with a radioisotope or enzymatic label such that binding of the 
transferase substrate to transferase can be determined by detecting the labeled transferase 

30 substrate in a complex. Alternatively, transferase could be coupled with a radioisotope or 
enzymatic label to monitor the ability of a test compound to modulate transferase binding 
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to a transferase substrate in a complex. Determining the ability of the test compound to 
bind transferase can be accomplished, for example, by coupling the compound with a 
radioisotope or enzymatic label such that binding of the compound to transferase can be 
determined by detecting the labeled transferase compound in a complex. For example, 
5 compounds (e.g., transferase substrates) can be labeled with 125^ 35^ 14(^ or 3jj, either 
directly or indirectly, and the radioisotope detected by direct counting of radioemmission or 
by scintillation counting. Alternatively, compounds can be enzymatically labeled with, for 
example, horseradish peroxidase, alkaline phosphatase, or luciferase, and the enzymatic 
label detected by determination of conversion of an appropriate substrate to product 

10 It is also within the scope of this invention to determine the ability of a compound 

(e.g., a transferase substrate) to interact with transferase without the labeling of any of the 
interactants. For example, a microphysiometer can be used to detect the interaction of a 
compound with transferase without the labeling of either the compound or the transferase. 
McConnell, H. M. et al (1992) Science 257:1906-1912. As used herein, a 

15 "microphysiometer" (e.g., Cytosensor) is an analytical instrument that measures the rate at 
which a cell acidifies its environment using a light-addressable potentiometric sensor 
(LAPS). Changes in this acidification rate can be used as an indicator of the interaction 

between a compound and transferase. 

In another embodiment, an assay is a cell-based assay comprising contacting a cell 

20 expressing a transferase target molecule (e.g., a transferase substrate) with a test compound 
and determining the ability of the test compound to modulate (e.g. stimulate or inhibit) the 
activity of the transferase target molecule. Determining the ability of the test compound to 
modulate the activity of a transferase target molecule can be accomplished, for example, by 
determining the ability of the transferase protein to bind to or interact with the transferase 

25 target molecule. 

Determining the ability of the transferase protein or a biologically active fragment 
thereof, to bind to or interact with a transferase target molecule can be accomplished by one 
of the methods described above for determining direct binding. In a preferred embodiment, 
determining the ability of the transferase protein to bind to or interact with a transferase 

30 target molecule can be accomplished by determining the activity of the target molecule. 
For example, the activity of the target molecule can be determined by detecting induction of 
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a cellular second messenger of the target (i.e., intracellular calcium or IP3), detecting 
catalytic/enzymatic activity of the target molecule upon an appropriate substrate, detecting 
the induction of a reporter gene (comprising a target-responsive regulatory element 
operatively linked to a nucleic acid encoding a detectable marker, e.g., luciferase), or 
5 detecting a target-regulated cellular response (i.e., cell growth or migration). 

In yet another embodiment, an assay of the present invention is a cell-free assay in 
which a transferase protein or biologically active portion thereof is contacted with a test 
compound and the ability of the test compound to bind to the transferase protein or 
biologically active portion thereof is determined Preferred biologically active portions of 

10 the transferase proteins to be used in assays of the present invention include fragments 
which participate in interactions with non-transferase molecules, e.g., fragments with high 
surface probability scores. 

The cell-free assays of the present invention are amenable to use of both soluble 
and/or membrane-bound forms of isolated proteins (e.g., transferase proteins or biologically 

1 5 active portions thereof). In the case of cell-free assays in which a membrane-bound form 
of an isolated protein is used it maybe desirable to utilize a solubilizing agent such that the 
membrane-bound form of the isolated protein is maintained in solution. Examples of such 

solubilizing agents include non-ionicdeter gents such as n-octylglucoside. n-— — 

— _ — _ . — - - — - - # 

dodecylglucoside, n-dodecylmaltoside, octanoyl-N-methylglucamide, decanoyl-N- 
20 methylglucamide, Triton® X-100, Triton® X-l 14, Thesit®, Isotridecypoly(ethylene glycol 
ether) n , 3-[(3-cholamidopropyl)dime%lanmiinio]-l-propane sulfonate (CHAPS), 3-[(3- 
cholamidopropyl)dime%lamminio]-2-hydroxy-l -propane sulfonate (CHAPSO), or N- 
dodecyl=N,N-dimethyl-3-ammonio-l-propane sulfonate. 

The principle of the assays used to identify compounds that bind to the target gene 
25 product involves preparing a reaction mixture of the target gene protein and the test 
compound under conditions and for a time sufficient to allow the two components to 
interact and bind, thus forming a complex that can be removed and/or detected in the 
reaction mixture. These assays can be conducted in a variety of ways. For example, one 
method to conduct such an assay would involve anchoring target gene product or the test 
30 substance onto a solid phase and detecting target gene product/test compound complexes 
anchored on the solid phase at the end of the reaction, hi one embodiment of such a 
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method, the target gene product can be anchored onto a solid surface, and the test 
compound, (which is not anchored), can be labeled, either directly or indirectly, with 
detectable labels discussed herein and which are well-known to one skilled in the art. 

It is also possible to directly detect the interaction of two molecules without further 
5 sample manipulation, for example utilizing the technique of fluorescence energy transfer 
(see, for example, Lakowicz et al, U.S. Patent No. 5,631,169; Stavrianopoulos, et al, U.S. 
Patent No. 4,868,103). A fluorophore label on the first, * donor' molecule is selected such 
that its emitted fluorescent energy will be absorbed by a fluorescent label on a second, 
•acceptor' molecule, which in turn is able to fluoresce due to the absorbed energy. 

10 Alternately, the 'donor' protein molecule may simply utilize the natural fluorescent energy 
of tryptophan residues. Labels are chosen that emit different wavelengths of light, such that 
the 'acceptor' molecule label may be differentiated from that of the 'donor'. Since the 
efficiency of energy transfer between the labels is related to the distance separating the 
molecules, the spatial relationship between the molecules can be assessed. In a situation in 

15 which binding occurs between the molecules, the fluorescent emission of the 'acceptor' 
molecule label in the assay should be maximal. An FET binding event can be conveniently 
measured through standard fluorometric detection means well known in the art (e.g., using 

a fluorimeter). — 

In another embodiment of this assay method, determining the ability of the 

20 transferase protein to bind to a transferase target molecule can be accomplished without 
labeling either interactant using a technology such as real-time Biomolecular Interaction 
Analysis (BIA) (see, e.g., Sjolander, S. and Urbaniczky, C. (1991) Anal Chem. 63:2338- 
2345 and Szabo etal (1995) Curr. Opin. Stinct. Biol 5:699-705). As used herein, 
"surface plasmon resonance" or "BIA" is a technology for studying biospecific interactions 

25 in real time, without labeling any of the interactants (e.g., BIAcore). Changes in the mass 
at the binding surface (indicative of a binding event) result in alterations of the refractive 
index of light near the surface (the optical phenomenon of surface plasmon resonance 
(SPR)), resulting in a detectable signal which can be used as an indication of real-time 
reactions between biological molecules. 

30 In more than one embodiment of the above assay methods of the present invention, 

it may be desirable to immobilize either transferase or its target molecule to facilitate 
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separation of complexed from uncomplexed forms of one or both of the proteins, as well as 
to accommodate automation of the assay. Binding of a test compound to a transferase 
protein, or interaction of a transferase protein with a target molecule in the presence and 
absence of a candidate compound, can be accomplished in any vessel suitable for 
containing the reactants. Examples of such vessels include microtiter plates, test tubes, and 
micro-centrifuge tubes. In one embodiment, a fusion protein can be provided which adds a 
domain that allows one or both of the proteins to be bound to a matrix. For example, 
glutathione-S-transferase/transferase fusion proteins or glutathione-S-transferase/target 
fusion proteins can be adsorbed onto glutathione sepharose beads (Sigma Chemical, St. 
Louis, MO) or glutathione derivatized microtiter plates, which are then combined with the 
test compound or the test compound and either the non-adsorbed target protein or 
transferase protein, and the mixture incubated under conditions conducive to complex 
formation (e.g., at physiological conditions for salt and pH). Following incubation, the 
beads or microtiter plate wells are washed to remove any unbound components, the matrix 
immobilized in the case of beads, complex determined either directly or indirectly, for 
example, as described above. Alternatively, the complexes can be dissociated from the 
matrix, and the level of transferase binding or activity determined using standard 
techniques. 

Other techniques for immobilizing proteins on matrices can also be used in the 
screening assays of the invention. For example, either a transferase protein or a transferase 
target molecule can be immobilized utilizing conjugation of biotin and streptavidin. 
Biotinylated transferase protein or target molecules can be prepared from biotin-NHS (N- 
hydroxy-succinimide) using techniques known in the art (e.g., biotinylation kit, Pierce 
Chemicals, Rockford, IL), and immobilized in the wells of streptavidin-coated 96 well 
plates (Pierce Chemical). In certain embodiments, the protein-immobilized surfaces can be 
prepared in advance and stored. 

In order to conduct the assay, the nonimmobilized component is added to the coated 
surface containing the anchored component. After the reaction is complete, unreacted 
components are removed (e.g., by washing) under conditions such that any complexes 
formed will remain immobilized on the solid surface. The detection of complexes 
anchored on the solid surface can be accomplished in a number of ways. Where the 
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previously nonimmobilized component is pre-labeled, the detection of label immobilized 
on the surface indicates that complexes were formed. Where the previously 
nonimmobilized component is not pre-labeled, an indirect label can be used to detect 
complexes anchored on the surface; e.g., using a labeled antibody specific for the 
5 immobilized component (the antibody, in turn, can be directly labeled or indirectly labeled 
with, e.g., a labeled anti-Ig antibody). 

In one embodiment, this assay is performed utilizing antibodies reactive with 
transferase protein or target molecules but which do not interfere with binding of the 
transferase protein to its target molecule. Such antibodies can be derivatized to the wells of 

10 the plate, and unbound target or transferase protein trapped in the wells by antibody 

conjugation. Methods for detecting such complexes, in addition to those described above 
for the GST-immobilized complexes, include immunodetection of complexes using 
antibodies reactive with the transferase protein or target molecule, as well as enzyme-linked 
assays which rely on detecting an enzymatic activity associated with the transferase protein 

15 or target molecule. 

Alternatively, in another embodiment, an assay can be conducted in a liquid phase. 
In such an assay, the reaction products are separated from unreacted components, by any of 

a number of standard t echniques, including but not limited to: differential c entrifugation, 

chromatography, electrophoresis and immunoprecipitation. In differential centrifugation, 

20 complexes of molecules may be separated from uncomplexed molecules through a series of 
centrifugal steps, due to the different sedimentation equilibria of complexes based on their 
different sizes and densities (see, for example, Rivas, G., and Minton, A.P., Trends 
Biochem Sci 1993 Aug. 18(8):284-7). Standard chromatographic techniques may also be 
utilized to separate complexed molecules from uncomplexed ones. For example, gel 

25 filtration chromatography separates molecules based on size, and through the utilization of 
an appropriate gel filtration resin in a column format, for example, the relatively larger 
complex may be separated from the relatively smaller uncomplexed components. 
Similarly, the relatively different charge properties of the complex as compared to the 
uncomplexed molecules may be exploited to differentially separate the complex from the 

30 remaining individual reactants, for example through the use of ion-exchange 

chromatography resins. Such resins and chromatographic techniques are well known to one 
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skilled in the art (see, e.g., Heegaard, N.H., JMol Recognit 1998 Winter;ll(l-6):141-8; 
Hage, D.S., and Tweed, S.A. J Chromatogr B Biomed Sci Appl 1997 Oct 10;699(l-2):499- 
525). Gel electrophoresis may also be employed to separate complexed molecules from 
unbound species (see, e.g., Ausubel, F. et al. 9 eds. Current Protocols in Molecular Biology 
5 1999, J. Wiley: New York.). In this technique, protein or nucleic acid complexes are 

separated based on size or charge, for example. In order to maintain the binding interaction 
during the electrophoretic process, nondenaturing gels in the absence of reducing agent are 
typically preferred, but conditions appropriate to the particular interactants will be well 
known to one skilled in the art. Immunoprecipitation is another common technique utilized 
10 for the isolation of a protein-protein complex from solution (see, for example, Ausubel, F. 
et al, eds. Current Protocols in Molecular Biology 1999, J. Wiley: New York). In this 
technique, all proteins binding to an antibody specific to one of the binding molecules are 
precipitated from solution by conjugating the antibody to a polymer bead that may be 
readily collected by centrifiigation. The bound proteins are released from the beads 
15 (through a specific proteolysis event or other technique well known in the art which will not 
disturb the protein-protein interaction in the complex), and a second immunoprecipitation 
step is performed, this time utilizing antibodies specific for a different interacting protein. 

In this manner, only, the complex should remain attached tothebeads.-The captured 

complex may be visualized using gel electrophoresis. The presence of a molecular 
20 complex (which may be identified by any of these techniques) indicates that a specific 
binding event has occurred, and that the introduced compound specifically binds to the 
target protein. Further, fluorescence energy transfer may also be conveniently utilized, as 
described herein, to detect binding without further purification of the complex from 
solution. 

25 In a preferred embodiment, the assay includes contacting the transferase protein or 

biologically active portion thereof with a known compound which binds transferase to form 
an assay mixture, contacting the assay mixture with a test compound, and detennining the 
abUity of the test compound to interact with a transferase protein, wherein detennining the 
ability of the test compound to interact with a transferase protein comprises determining the 

30 ability of the test compound to preferentially bind to transferase or biologically active 
portion thereof as compared to the known compound. 
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In yet another embodiment, the cell-free assay involves contacting a transferase 
protein or biologically active portion thereof with a known compound which binds the 
transferase protein to form an assay mixture, contacting the assay mixture with a test 
compound, and deterniining the ability of the test compound to interact with the transferase 
5 protein, wherein deterrnining the ability of the test compound to interact with the 
transferase protein comprises determining the ability of the transferase protein to 
preferentially bind to or modulate the activity of a transferase target molecule. 

The target gene products of the invention can, in vivo, interact with one or more 
cellular or extracellular macromolecules, such as proteins. For the purposes of this 
10 discussion, such cellular and extracellular macromolecules are referred to herein as 

"binding partners." Compounds that disrupt such interactions can be useful in regulating 
the activity of the target gene product. Such compounds can include, but are not limited to 
molecules such as antibodies, peptides, and small molecules. The preferred target 
genes/products for use in this embodiment are the transferase genes herein identified. 
15 Towards this purpose, in an alternative embodiment, the invention provides methods for 
determining the ability of the test compound to modulate the activity of a transferase 
protein through modulation of the activity of a downstream effector of a transferase target 
molecule. ForgcampHthe activity of the effector molecule on an appropri at e target can be 
detenmnedVor the binding of the effector to an appropriate target can be determined as 

20 previously described. 

The basic principle of the assay systems used to identify compounds that interfere 
with the interaction between the target gene product and its cellular or extracellular binding 
partner or partners involves preparing a reaction mixture containing the target gene product, 
and the hindine nartner under conditions and for a time suffic i e nt tn allow, the twn nrnrlnnts 
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reaction, but not in the reaction mixture containing the test compound, indicates that the 
compound interferes with the interaction of the target gene product and the interactive 
binding partner. Additionally, complex formation within reaction mixtures containing the 
test compound and normal target gene product can also be compared to complex formation 
within reaction mixtures containing the test compound and mutant target gene product. 
This comparison can be important in those cases wherein it is desirable to identify 
compounds that disrupt interactions of mutant but not normal target gene products. 

The assay for compounds that interfere with the interaction of the target gene 
products and binding partners can be conducted in a heterogeneous or homogeneous 
format. Heterogeneous assays involve anchoring either the target gene product or the 
binding partner onto a solid phase and detecting complexes anchored on the solid phase at 
the end of the reaction. In homogeneous assays, the entire reaction is carried out in a liquid 
phase. In either approach, the order of addition of reactants can be varied to obtain 
different information about the compounds being tested. For example, test compounds that 
interfere with the interaction between the target gene products and the binding partners, 
e.g., by competition, can be identified by conducting the reaction in the presence of the test 
substance; i.e., by adding the test substance to the reaction mixture prior to or 
simultaneously with the target gene product and interactive cellular or extracellular binding 
partner. Alternatively, test compounds that disrupt preformed complexes,, e.g., compounds 
with higher binding constants that displace one of the components from the complex, can 
be tested by adding the test compound to the reaction mixture after complexes have been 
formed. The various formats are briefly described below. 

In a heterogeneous assay system, either the target gene product or the interactive 
cellular or extracellular binding partner, is anchored onto a solid surface, while the non- 
anchored species is labeled, either directly or indirectly. In practice, microtitre plates are 
conveniently utilized. The anchored species can be immobilized by non-covalent or 
covalent attachments. Non-covalent attachment can be accomplished simply by coating the 
solid surface with a solution of the target gene product or binding partner and drying. 
Alternatively, an immobilized antibody specific for the species to be anchored can be used 
to anchor the species to the solid surface. The surfaces can be prepared in advance and 
stored. 



86 



WO 01/64904 



PCT/US01/06463 



In order to conduct the assay, the partner of the immobilized species is exposed to 
the coated surface with or without the test compound. After the reaction is complete, 
unreacted components are removed (e.g., by washing) and any complexes formed will 
remain immobilized on the solid surface. The detection of complexes anchored on the solid 
5 surface can be accomplished in a number of ways. Where the non-immobilized species is 
pre-labeled, the detection of label immobilized on the surface indicates that complexes 
were formed. Where the non-immobilized species is not pre-labeled, an indirect label can 
be used to detect complexes anchored on the surface; e.g., using a labeled antibody specific 
for the initially non-immobilized species (the antibody, in turn, can be directly labeled or 
10 indirectly labeled with, e.g., a labeled anti-Ig antibody). Depending upon the order of 
addition of reaction components, test compounds that inhibit complex formation or that 
disrupt preformed complexes can be detected. 

Alternatively, the reaction can be conducted in a liquid phase in the presence or 
absence of the test compound, the reaction products separated from unreacted components, 
15 and complexes detected; e.g., using an immobilized antibody specific for one of the binding 
components to anchor any complexes formed in solution, and a labeled antibody specific 
for the other partner to detect anchored complexes. Again, depending upon the order of 
addition of reactants to the liquid phase, test compounds that inhibit complex or that disrupt 
preformed complexes can be identified. 
20 In an alternate embodiment of the invention, a homogeneous assay can be used. In 

this approach, a preformed complex of the target gene product and the interactive cellular 
or extracellular binding partner product is prepared in that either the target gene products or 
their binding partners are labeled, but the signal generated by the label is quenched due to 
complex formation (see, e.g., U.S. Patent No. 4,109,496 that utilizes this approach for 
25 immunoassays). The addition of a test substance that competes with and displaces one of 
the species from the preformed complex will result in the generation of a signal above 
background. In this way, test substances that disrupt target gene product-cellular or 
extracellular binding partner interaction can be identified. 
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Assays for the Detection of the Ability of a Test Compound to Modulate Expression of 
Transferase 

In another embodiment, modulators of transferase expression are identified in a 
method wherein a cell is contacted with a candidate compound and the expression of 
transferase mRNA or protein in the cell is determined. The level of expression of 
transferase mRNA or protein in the presence of the candidate compound is compared to the 
level of expression of transferase mRNA or protein in the absence of the candidate 
compound. The candidate compound can then be identified as a modulator of transferase 
expression based on this comparison. For example, when expression of transferase mRNA 
or protein is greater (statistically significantly greater) in the presence of the candidate 
compound than in its absence, the candidate compound is identified as a stimulator of 
transferase mRNA or protein expression. Alternatively, when expression of transferase 
mRNA or protein is less (statistically significantly less) in the presence of the candidate 
compound than in its absence, the candidate compound is identified as an inhibitor of 
transferase mRNA or protein expression. The level of transferase mRNA or protein 
expression in the cells can be determined by methods described herein for detecting 
transferase mRNA or protein. 

In yet another aspec t of the invent io n, the transferase proteins can be use d as "bait 
proteins" in a two-hybrid assay or three-hybrid assay (see, e.g., U.S. Patent No. 5,283,317; 
Zervos et al (1993) Cell 72:223-232; Madura et al (1993) J. Biol Chenu 268:12046- 
12054; Bartel et al (1993) Biotechniques 14:920-924; Iwabuchi et al (1993) Oncogene 
8:1693-1696; and Brent WO94/10300), to identify other proteins, which bind to or interact 
with transferase ("transferase-binding proteins" or "transferase-bp") and are involved in 
transferase activity. Such transferase-binding proteins are also likely to be involved in the 
propagation of signals by the transferase proteins or transferase targets as, for example, 
downstream elements of a transferase-mediated signaling pathway. Alternatively, such 
transferase-binding proteins are likely to be transferase inhibitors. 

The two-hybrid system is based on the modular nature of most transcription factors, 
which consist of separable DNA-binding and activation domains. Briefly, the assay utilizes 
two different DNA constructs. In one construct, the gene that codes for a transferase 
protein is fused to a gene encoding the DNA binding domain of a known transcription 
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factor (e.g., GAL-4). In the other construct, a DNA sequence, from a library of DNA 
sequences, that encodes an unidentified protein ("prey" or "sample") is fused to a gene that 
codes for the activation domain of the known transcription factor. * If the 4< bait" and the 
"prey" proteins are able to interact, in vivo, forming a transferase-dependent complex, the 
DNA-binding and activation domains of the transcription factor are brought into close 
proximity. This proximity allows transcription of a reporter gene (e.g., LacZ) which is 
operably linked to a transcriptional regulatory site responsive to the transcription factor. 
Expression of the reporter gene can be detected and cell colonies containing the functional 
transcription factor can be isolated and used to obtain the cloned gene which encodes the 
protein which interacts with the transferase protein. 

Combination Assays 

In another aspect, the invention pertains to a combination of two or more of the 
assays described herein. For example, a modulating agent can be identified using a cell- 
based or a cell free assay, and the ability of the agent to modulate the activity of a 
transferase protein can be confirmed in vivo, e.g., in an animal such as an animal model for 
angiogenesis, or for cellular transformation and/or tumorigenesis. 

This invention further pertains to novel agents identified by the above-described 
^screening assays. Accordingly, it is within the scope of this invention to further use an 
agent identified as described herein in an appropriate animal model. For example, an agent 
identified as described herein (e.g., a transferase modulating agent, an antisense transferase 
nucleic acid molecule, a transferase-specific antibody, or a transferase-binding partner) can 
be used in an animal model to determine the efficacy, toxicity, or side effects of treatment 
with such an agent. Alternatively, an agent identified as described herein can be used in an 
animal model to determine the mechanism of action of such an agent. Furthermore, this 
invention pertains to uses of novel agents identified by the above-described screening 
assays for treatments as described herein. 

The choice of assay format will be based primarily on the nature and type of 
sensitivity/resistance protein being assayed. A skilled artisan can readily adapt protein 
activity assays for use in the present invention with the genes identified herein. 



89 



WO 01/64904 



PCT/US01/06463 



B. Detection Assays 

Portions or fragments of the cDNA sequences identified herein (and the 
corresponding complete gene sequences) can be used in numerous ways as polynucleotide 
reagents. For example, these sequences can be used to: (i) map their respective genes on a 
5 chromosome; and, thus, locate gene regions associated with genetic disease; (ii) identify an 
individual from a minute biological sample (tissue typing); and (iii) aid in forensic 
identification of a biological sample. These applications are described in the subsections 
below. 

10 1. Chromosome Mapping 

Once the sequence (or a portion of the sequence) of a gene has been isolated, this 
sequence can be used to map the location of the gene on a chromosome. This process is 
called chromosome mapping. Accordingly, portions or fragments of the transferase 
nucleotide sequences, described herein, can be used to map the location of the transferase 

15 genes on a chromosome. The mapping of the transferase sequences to chromosomes is an 
important first step in correlating these sequences with genes associated with disease. 

Briefly, transferase genes can be mapped to chromosomes by preparing PCR 
primers (preferably 1 5-25 bp in length) from the transferase nucleotide sequences. 
Computer analysis of the transferase sequences can be used to predict primers that do not 

20 span more than one exon in the genomic DNA, thus complicating the amplification 
process. These primers can then be used for PCR screening of somatic cell hybrids 
containing individual human chromosomes. Only those hybrids containing the human gene 
corresponding to the transferase sequences will yield an amplified fragment. 

Somatic cell hybrids are prepared by fusing somatic cells from different mammals 

25 (e.g., human and mouse cells). As hybrids of human and mouse cells grow and divide, they 
gradually lose human chromosomes in random order, but retain the mouse chromosomes. 
By using media in which mouse cells cannot grow, because they lack a particular enzyme, 
but human cells can, the one human chromosome that contains the gene encoding the 
needed enzyme, will be retained. By using various media, panels of hybrid cell lines can be 

30 established. Each cell line in a panel contains either a single human chromosome or a 

small number of human chromosomes, and a full set of mouse chromosomes, allowing easy 
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mapping of individual genes to specific human chromosomes. (D'Eustachio P. et al (1983) 
Science 220:919-924). Somatic cell hybrids containing only fragments of human 
chromosomes can also be produced by using human chromosomes with translocations and 
deletions. 

PCR mapping of somatic cell hybrids is a rapid procedure for assigning a particular 
sequence to a particular chromosome. Three or more sequences can be assigned per day 
using a single thermal cycler. Using the transferase nucleotide sequences to design 
oligonucleotide primers, sublocalization can be achieved with panels of fragments from 
specific chromosomes. Other mapping strategies which can similarly be used to map a 
transferase sequence to its chromosome include in situ hybridization (described in Fan, Y. 
et al (1990) Proc. Natl Acad. ScL USA, 87:6223-27), pre-screening with labeled flow- 
sorted chromosomes, and pre-selection by hybridization to chromosome specific cDNA 
libraries. 

Fluorescence in situ hybridization (FISH) of a DNA sequence to a metaphase 
chromosomal spread can further be used to provide a precise chromosomal location in one 
step. Chromosome spreads can be made using cells whose division has been blocked in 
metaphase by a chemical such as colcemid that disrupts the mitotic spindle. The 
chromosomes can be treated briefly with trypsin, and then stained with Giemsa. A pattern 
of light an<i dark bands develops on each chromosome, so that the chromosomes can be 
identified individually. The FISH technique can be used with a DNA sequence as short as 
500 or 600 bases. However, clones larger than 1,000 bases have a higher likelihood of 
binding to a unique chromosomal location with sufficient signal intensity for simple 
detection. Preferably 1,000 bases, and more preferably 2,000 bases will suffice to get good 
results at a reasonable amount of time. For a review of this technique, see Verma et ah, 
Human Chromosomes: A Manual of Basic Techniques (Pergamon Press, New York 1988). 

Reagents for chromosome mapping can be used individually to mark a single 
chromosome or a single site on that chromosome, or panels of reagents can be used for 
marking multiple sites and/or multiple chromosomes. Reagents corresponding to 
noncoding regions of the genes actually are preferred for mapping purposes. Coding 
sequences are more likely to be conserved within gene families, thus increasing the chance 
of cross hybridizations during chromosomal mapping. 
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Once a sequence has been mapped to a precise chromosomal location, the physical 
position of the sequence on the chromosome can be correlated with genetic map data, 
(Such data are found, for example, in V. McKusick, Mendelian Inheritance in Man, 
available on-line through Johns Hopkins University Welch Medical Library). The 
relationship between a gene and a disease, mapped to the same chromosomal region, can 
then be identified through linkage analysis (co-inheritance of physically adjacent genes), 
described in, for example, Egeland, J. et al (1987) Nature, 325:783-787. 

Moreover, differences in the DNA sequences between individuals affected and 
unaffected with a disease associated with the transferase gene, can be determined. If a 
mutation is observed in some or all of the affected individuals but not in any unaffected 
individuals, then the mutation is likely to be the causative agent of the particular disease. 
Comparison of affected and unaffected individuals generally involves first looking for 
structural alterations in the chromosomes, such as deletions or translocations that are 
visible from chromosome spreads or detectable using PCR based on that DNA sequence. 
Ultimately, complete sequencing of genes from several individuals can be performed to 
confirm the presence of a mutation and to distinguish mutations from polymorphisms. 

2. Tissue Typing 

-The transferase sequences f of the present invention can also be used to identify 

individuals from minute biological samples. The United States military, for example, is 
considering the use of restriction fragment length polymorphism (RFLP) for identification 
of its personnel In this technique, an individual's genomic DNA is digested with one or 
more restriction enzymes, and probed on a Southern blot to yield unique bands for 
identification. This method does not suffer from the current limitations of 'Dog Tags" 
which can be lost, switched, or stolen, making positive identification difficult. The 
sequences of the present invention are useful as additional DNA markers for RFLP 
(described in U.S. Patent 5,272,057). 

Furthermore, the sequences of the present invention can be used to provide an 
alternative technique which determines the actual base-by-base DNA sequence of selected 
portions of an individual's genome. Thus, the transferase nucleotide sequences described 
herein can be used to prepare two PCR primers from the 5' and 3 f ends of the sequences. 
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These primers can then be used to amplify an individual's DNA and subsequently sequence 
it 

Panels of corresponding DNA sequences from individuals, prepared in this manner, 
can provide unique individual identifications, as each individual will have a unique set of 
5 such DNA sequences due to allelic differences. The sequences of the present invention can 
be used to obtain such identification sequences from individuals and from tissue. The 
transferase nucleotide sequences of the invention uniquely represent portions of the human 
genome. Allelic variation occurs to some degree in the coding regions of these sequences, 
and to a greater degree in the noncoding regions. It is estimated that allelic variation 

1 0 between individual humans occurs with a frequency of about once per each 500 bases. 
Each of the sequences described herein can, to some degree, be used as a standard against 
which DNA from an individual can be compared for identification purposes. Because 
greater numbers of polymorphisms occur in the noncoding regions, fewer sequences are 
necessary to differentiate individuals. The noncoding sequences of SEQ ID NO:l, 3, 5, 7, 

15 or 9 can comfortably provide positive individual identification with a panel of perhaps 10 
to 1,000 primers which each yield a noncoding amplified sequence of 100 bases. If 
predicted coding sequences, such as those in SEQ ID NOs:l, 3, 5, 7, and 9 are used, a more 

appropriate number of primers for positive individual identification would be 500-2,000, 

If a^anel^f reagents from transferase nucleotide sequences described herein is used 
20 to generate a unique identification database for an individual, those same reagents can later 
be used to identify tissue from that individual. Using the unique identification database, 
positive identification of the individual, living or dead, can be made from extremely small 
tissue samples. 

25 3. Use of Partial Transferase Sequences in Forensic Biology 

DNA-based identification techniques can also be used in forensic biology. Forensic 
biology is a scientific field employing genetic typing of biological evidence found at a 
crime scene as a means for positively identifying, for example, a perpetrator of a crime. To 
make such an identification, PCR technology can be used to amplify DNA sequences taken 

30 from very small biological samples such as tissues, e.g., hair or skin, or body fluids, e.g., 
blood, saliva, or semen found at a crime scene. The amplified sequence can then be 
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compared to a standard, thereby allowing identification of the origin of the biological 
sample. 

The sequences of the present invention can be used to provide polynucleotide 
reagents, e.g., PCR primers, targeted to specific loci in the human genome, which can 
enhance the reliability of DNA-based forensic identifications by, for example, providing 
another "identification marker" (i.e. another DNA sequence that is unique to a particular 
individual). As mentioned above, actual base sequence information can be used for 
identification as an accurate alternative to patterns formed by restriction enzyme generated 
fragments. Sequences targeted to noncoding regions of SEQ ED NO:l, 3, 5, 7, or 9 are 
particularly appropriate for this use as greater numbers of polymorphisms occur in the 
noncoding regions, making it easier to differentiate individuals using this technique. 
Examples of polynucleotide reagents include the transferase nucleotide sequences or 
portions thereof, e.g., fragments derived from the noncoding regions of SEQ ID NO:l 
having a length of at least 250 or 3 10 bases, preferably at least 270 or 330 bases; noncoding 
regions of SEQ ID NO:3 having a length of at least 160 or 240 bases, preferably at least 
180 or 260 bases; noncoding regions of SEQ ID NO:5 having a length of at least 170 or 
490 bases, preferably at least 190 or 510 bases; noncoding regions of SEQ ID NO:7 having 
a length of at least 1370 or 2740 bases, preferably at least 1390 or 2760 bases; and 
nohcodihg regions of SEQ ID NO:9 having a length of at least 10 or 40 bases, preferably at 
least 20 or 50 bases. 

The transferase nucleotide sequences described herein can further be used to 
provide polynucleotide reagents, e.g., labeled or labelable probes which can be used in, for 
example, an in situ hybridization technique, to identify a specific tissue, e.g., a tissue 
containing endothelial cells. This can be very useful in cases where a forensic pathologist 
is presented with a tissue of unknown origin. Panels of such transferase probes can be used 
to identify tissue by species and/or by organ type. 

In a similar fashion, these reagents, e.g., transferase primers or probes can be used 
to screen tissue culture for contamination (i.e. screen for the presence of a mixture of 
different types of cells in a culture). 
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C. Predictive Medicine: 

The present invention also pertains to the field of predictive medicine in which 
diagnostic assays, prognostic assays, and monitoring clinical trials are used for prognostic 
(predictive) purposes to thereby treat an individual prophylactically. Accordingly, one 
5 aspect of the present invention relates to diagnostic assays for determining transferase 
protein and/or nucleic acid expression as well as transferase activity, in the context of a 
biological sample (e.g., blood, serum, cells, tissue) to thereby determine whether an 
individual is afflicted with a disease or disorder, or is at risk of developing a disorder, 
associated with aberrant or unwanted transferase expression or activity. The invention also 

1 0 provides for prognostic (or predictive) assays for detennining whether an individual is at 
risk of developing a disorder associated with transferase protein, nucleic acid expression or 
activity. For example, mutations in a transferase gene can be assayed in a biological 
sample. Such assays can be used for prognostic or predictive purpose to thereby 
prophylactically treat an individual prior to the onset of a disorder characterized by or 

1 5 associated with transferase protein, nucleic acid expression or activity. 

As an alternative to making determinations based on the absolute expression level 
of selected genes, determinations may be based on the normalized expression levels of 
these genes. Expression levels are normalized by correcting the absolute ex pression level 
of a transferase gene by comparing its expression to the expression of a gene that is not a 

20 transferase gene, e.g., a housekeeping gene that is constitutively expressed. Suitable genes 
for normalization include housekeeping genes such as the actin gene. This normalization 
allows the comparison of the expression level in one sample, e.g., a patient sample, to 
another sample, e.g., a non-diseased sample, or between samples from different sources. 
Alternatively, the expression level can be provided as a relative expression level. 

25 To determine a relative expression level of a gene, the level of expression of the gene is 
determined for 10 or more samples of different cell isolates, preferably 50 or more samples, 
prior to the determination of the expression level for the sample in question. The mean 
expression level of each of the genes assayed in the larger number of samples is determined 
and this is used as a baseline expression level for the gene(s) in question. The expression 

30 level of the gene determined for the test sample (absolute level of expression) is then 
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divided by the mean expression value obtained for that gene. This provides a relative 
expression level and aids in identifying extreme cases of a disease. 

Preferably, the samples used in the baseline determination will be from diseased or 
from non-diseased tissue cells. The choice of the cell source is dependent on the use of the 
relative expression level. Using expression found in normal tissues as a mean expression 
score aids in validating whether the transferase gene assayed is specific to types of cells 
(versus normal cells). Such a use is particularly important in identifying whether a 
transferase gene can serve as a target gene. In addition, as more data is accumulated, the 
mean expression value can be revised, providing improved relative expression values based 
on accumulated data. Expression data from cells provides a means for grading the severity 
of the disease state. 

Another aspect of the invention pertains to monitoring the influence of agents (e.g., 
drugs, compounds) on the expression or activity of transferase in clinical trials. 

These and other agents are described in further detail in the following sections. 

1. Diagnostic Assays 

An exemplary method for detecting the presence or absence of transferase protein or 
nucleic acid in a biological sample involves obtaining a biological sample froina test 
subject and contacting the biological sample with a compound or an agent capable of 
detecting transferase protein or nucleic acid (e.g., mRNA, genomic DNA) that encodes 
transferase protein such that the presence of transferase protein or nucleic acid is detected 
in the biological sample. The level of expression of the transferase gene can be measured 
in a number of ways, including, but not limited to: measuring the mRNA encoded by the 
transferase genes; measuring the amount of protein encoded by the transferase genes; or 
measuring the activity of the protein encoded by the transferase genes. 

The level of mRNA corresponding to the transferase gene in a cell can be 
determined both by in situ and by in vitro formats in a biological sample using methods 
known in the art. The term biological sample" is intended to include tissues, cells and 
biological fluids isolated from a subject, as well as tissues, cells and fluids present within a 
subject. A preferred biological sample is a serum sample isolated by conventional means 
from a subject. Many transferase expression detection methods use isolated RNA. Form 
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vitro methods, any RNA isolation technique that does not select against the isolation of 
mRNA can be utilized for the purification of RNA from the cells (see, e.g., Ausubel et aL, 
eds., 1987-1997, Current Protocols in Molecular Biology, John Wiley & Sons, Inc. New 
York). Additionally, large numbers of tissue samples can readily be processed using 
5 techniques well known to those of skill in the art, such as, for example, the single-step 
RNA isolation process of Chomczynski (1989, U.S. Patent No. 4,843,155). 

The isolated mRNA can be used in hybridization or amplification assays that 
include, but are not limited to, Southern or Northern analyses, polymerase chain reaction 
analyses and probe arrays. One preferred diagnostic method for the detection of mRNA 

10 levels involves contacting the isolated mRNA with a nucleic acid molecule (probe) that can 
hybridize to the mRNA encoded by the gene being detected. The nucleic acid probe can be, 
for example, a full-length transferase nucleic acid, such as the nucleic acid of SEQ ID 
NO:l, 3, 5, 7, 9, or 1 1, or a portion thereof, such as an oligonucleotide of at least 7, 15, 30, 
50, 100, 250 or 500 nucleotides in length and sufficient to specifically hybridize under 

1 5 stringent conditions to transferase mRNA or genomic DNA. Other suitable probes for use 
in the diagnostic assays of the invention are described herein. Hybridization of an mRNA 
with the probe indicates that the gene in question is being expressed. 

In one format, the mRNA is immobilized on a solid surface and contacted with the_ 
probes, for example by running the isolated mRNA on an agarose gel and transferring the 

20 mRNA from the gel to a membrane, such as nitrocellulose. In an alternative format, the 
probes are immobilized on a solid surface and the mRNA is contacted with the probes, for 
example, in an Aflymetrix gene chip array. A skilled artisan can readily adapt known 
mRNA detection methods for use in detecting the level of mRNA encoded by the 
transferase genes of the present invention. 

25 An alternative method for determining the level of mRNA in a sample that is 

encoded by one of the transferase genes of the present invention involves the process of 
nucleic acid amplification, e.g., by rtPCR (the experimental embodiment set forth in Mullis, 
1987, U.S. Patent No. 4,683,202), ligase chain reaction (Barany, 1991, Proc. Natl Acad. 
Sci. USA 88:189-193), self sustained sequence replication (Guatelli et al, 1990, Proc. Natl. 

30 Acad Sci USA 87:1874-1878), transcriptional amplification system (Kwoh etal, 1989, 
Proc. Natl Acad Sci. USA 86:1 173-1 177), Q-Beta Replicase (Lizardi et al y 1988, 
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Bio/Technology 6:1 197), rolling circle replication (Lizardi et ah, U.S. Patent No. 
5,854,033) or any other nucleic acid amplification method, followed by the detection of the 
amplified molecules using techniques well known to those of skill in the art. These 
detection schemes are especially useful for the detection of nucleic acid molecules if such 
5 molecules are present in very low numbers. As used herein, amplification primers are 
defined as being a pair of nucleic acid molecules that can anneal to 5' or 3' regions of a 
gene (plus and minus strands, respectively, or vice- versa) and contain a short region in 
between. In general, amplification primers are from about 10 to 30 nucleotides in length 
and flank a region from about 50 to 200 nucleotides in length. Under appropriate 

10 conditions and with appropriate reagents, such primers permit the amplification of a nucleic 
acid molecule comprising the nucleotide sequence flanked by the primers. Suitable primers 
for the amplification of the transferase gene are described herein. 

For in situ methods, mRNA does not need to be isolated from a type of cells prior to 
detection. In such methods, a cell or tissue sample is prepared/processed using known 

15 histological methods. The sample is then immobilized on a support, typically a glass slide, 
and then contacted with a probe that can hybridize to mRNA that encodes the transferase 
gene being analyzed. 

In another em bodime nt, the methods further involve obtaining a control biological 

sample from a control subject, contacting the control sample with a compound or agent 

20 capable of detecting transferase mRNA, or genomic DNA, such that the presence of 
transferase mRNA or genomic DNA is detected in the biological sample, and comparing 
the presence of transferase mRNA or genomic DNA in the control sample with the 
presence of transferase mRNA or genomic DNA in the test sample. 

A variety of methods can be used to determine the level of protein encoded by one 

25 or more of the transferase genes of the present invention. In general, these methods involve 
the use of an agent that selectively binds to the protein, such as an antibody, hi a preferred 
embodiment, the antibody bears a detectable label. Antibodies can be polyclonal, or more 
preferably, monoclonal. An intact antibody, or a fragment thereof (e.g., Fab or F(ab')2) can 
be used. The term "labeled", with regard to the probe or antibody, is intended to 

30 encompass direct labeling of the probe or antibody by coupling (i.e., physically linking) a 
detectable substance to the probe or antibody, as well as indirect labeling of the probe or 

98 



WO 01/64904 



PCT/USO 1/06463 



antibody by reactivity with another reagent that is directly labeled. Examples of indirect 
labeling include detection of a primary antibody using a fluorescently labeled secondary 
antibody and end-labeling of a DNA probe with biotin such that it can be detected with 
fluorescently labeled streptavidin. 
5 The detection methods of the invention can be used to detect transferase protein in a 

biological sample in vitro as well as in vivo. In vitro techniques for detection of transferase 
protein include enzyme linked immunosorbent assays (ELISAs), Western blots, 
immunoprecipitations and immunofluorescence. In vivo techniques for detection of 
transferase protein include introducing into a subject a labeled anti-transferase antibody. 
10 For example, the antibody can be labeled with a radioactive marker whose presence and 
location in a subject can be detected by standard imaging techniques. 

Proteins from a type of cells can be isolated using techniques that are well known to 
those of skill in the art. The protein isolation methods employed can, for example, be such 
as those described in Harlow and Lane (Harlow and Lane, 1988, Antibodies: A Laboratory 
1 5 Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York). 

A variety of formats can be employed to determine whether a sample contains a 
protein that binds to a given antibody. Examples of such formats include, but are not 
limited to, enzyme immunoassay (1^), j^dioimmunoassay (RIA). Western blot analysis 
and enzyme linked immunoabsorbant assay (ELISA). A skilled artisan can readily adapt 
20 known protein/antibody detection methods for use in determining whether a type of cells 
express a protein encoded by one or more of the transferase genes of the present invention. 

In one format, antibodies, or antibody fragments, can be used in methods such as 
Western blots or immunofluorescence techniques to detect the expressed proteins. In such 
uses, it is generally preferable to immobilize either the antibody or protein on a solid 
25 support. Suitable solid phase supports or carriers include any support capable of binding an 
antigen or an antibody. Well-known supports or carriers include glass, polystyrene, 
polypropylene, polyethylene, dextran, nylon, amylases, natural and modified celluloses, 
polyacrylamides, gabbros, and magnetite. 

One skilled in the art will know many other suitable carriers for binding antibody or 
30 antigen, and will be able to adapt such support for use with the present invention. For 
example, protein isolated from a type of cells can be run on a polyacrylamide gel 
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electrophoresis and immobilized onto a solid phase support such as nitrocellulose. The 
support can then be washed with suitable buffers followed by treatment with the detectably 
labeled transferase gene specific antibody. The solid phase support can then be washed 
with the buffer a second time to remove unbound antibody. The amount of bound label on 
5 the solid support can then be detected by conventional means. 

In another embodiment, the methods further involve obtaining a control biological 
sample from a control subject, contacting the control sample with a compound or agent 
capable of detecting transferase protein, such that the presence of transferase protein is 
detected in the biological sample, and comparing the presence of transferase protein in the 

10 control sample with the presence of transferase protein in the test sample. 

The invention also encompasses kits for detecting the presence of transferase in a 
biological sample. For example, the kit can comprise a compound or agent capable of 
detecting transferase protein or mRNA in a biological sample; means for determining the 
amount of transferase in the sample; and means for comparing the amount of transferase in 

15 the sample with a standard. The compound or agent can be packaged in a suitable 

container. The kit can further comprise instructions for using the kit to detect transferase 
protein or nucleic acid. 

For antibody-based kits, the kit can comprise, for example: (1) a first antibqdy_(e.g., 
attached to a solid support) which binds to a polypeptide corresponding to a marker of the 

20 invention; and, optionally, (2) a second, different antibody which binds to either the 
polypeptide or the first antibody and is conjugated to a detectable agent. 

For oligonucleotide-based kits, the kit can comprise, for example: (1) an 
oligonucleotide, e.g., a detectably labeled oligonucleotide, which hybridizes to a nucleic 
acid sequence encoding a polypeptide corresponding to a marker of the invention or (2) a 

25 pair of primers useful for amplifying a nucleic acid molecule corresponding to a marker of 
the invention. The kit can also comprise, e.g., a buffering agent, a preservative, or a protein 
stabilizing agent. The kit can also comprise components necessary for detecting the 
detectable agent (e.g., an enzyme or a substrate). The kit can also contain a control sample 
or a series of control samples which can be assayed and compared to the test sample 

30 contained. Each component of the kit can be enclosed within an individual container and 
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all of the various containers can be within a single package, along with instructions for 
interpreting the results of the assays performed using the kit. 

2. Prognostic Assays 

The diagnostic methods described herein can furthermore be utilized to identify 
subjects having or at risk of developing a disease or disorder associated with aberrant or 
unwanted transferase expression or activity. As used herein, the term "aberrant" includes a 
transferase expression or activity which deviates from the wild type transferase expression 
or activity. Aberrant expression or activity includes increased or decreased expression or 
activity, as well as expression or activity which does not follow the wild type 
developmental pattern of expression or the subcellular pattern of expression. For example, 
aberrant transferase expression or activity is intended to include the cases in which a 
mutation in the transferase gene causes the transferase gene to be under-expressed or over- 
expressed and situations in which such mutations result in a non-functional transferase 
protein or a protein which does not function in a wild-type fashion, e.g., a protein which 
does not interact with a transferase substrate, e.g., a transferase receptor, or one which 
interacts with a non-transferase substrate. As used herein, the term "unwanted" includes an 
unwanted phenomenon involved in a biological response such as p ain or der e gulated cell 
proliferation. For example, the term unwanted includes a transferase expression or activity 
which is undesirable in a subject. 

The assays described herein, such as the preceding diagnostic assays or the 
following assays, can be utilized to identify a subject having or at risk of developing a 
disorder associated with a misregulation in transferase protein activity or nucleic acid 
expression, such as a cell proliferation and/or differentiation disorder. Alternatively, the 
prognostic assays can be utilized to identify a subject having or at risk for developing a 
disorder associated with a misregulation in transferase protein activity or nucleic acid 
expression, such as a cell proliferation and/or differentiation disorder. Thus, the present 
invention provides a method for identifying a disease or disorder associated with aberrant 
or unwanted transferase expression or activity in which a test sample is obtained from a 
subject and transferase protein or nucleic acid (e.g., mRNA or genomic DNA) is detected, 
wherein the presence of transferase protein or nucleic acid is diagnostic for a subject having 
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or at risk of developing a disease or disorder associated with aberrant or unwanted 
transferase expression or activity. As used herein, a "test sample" refers to a biological 
sample obtained from a subject of interest. For example, a test sample can be a biological 
fluid (e.g., serum), cell sample, or tissue. 

Furthermore, the prognostic assays described herein can be used to determine 
whether a subject can be administered an agent (e.g., an agonist, antagonist, 
peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug candidate) to 
treat a disease or disorder associated with aberrant or unwanted transferase expression or 
activity. For example, such methods can be used to determine whether a subject can be 
effectively treated with an agent for a cell proliferation and/or differentiation disorder. 
Thus, the present invention provides methods for determining whether a subject can be 
effectively treated with an agent for a disorder associated with aberrant or unwanted 
transferase expression or activity in which a test sample is obtained and transferase protein 
or nucleic acid expression or activity is detected (e.g., wherein the abundance of transferase 
protein or nucleic acid expression or activity is diagnostic for a subject that can be 
administered the agent to treat a disorder associated with aberrant or unwanted transferase 
expression or activity). 

The methods of the invention can also be used todetect genetic alterations in a 

transferase gene, thereby determining if a subject with the altered gene is at risk for a 
disorder characterized by misregulation in transferase protein activity or nucleic acid 
expression, such as a cell proliferation and/or differentiation disorder. In preferred 
embodiments, the methods include detecting, in a sample of cells from the subject, the 
presence or absence of a genetic alteration characterized by at least one of an alteration 
affecting the integrity of a gene encoding a transferase-protein, or the mis-expression of the 
transferase gene. For example, such genetic alterations can be detected by ascertaining the 
existence of at least one of 1) a deletion of one or more nucleotides from a transferase gene; 
2) an addition of one or more nucleotides to a transferase gene; 3) a substitution of one or 
more nucleotides of a transferase gene, 4) a chromosomal rearrangement of a transferase 
gene; 5) an alteration in the level of a messenger RNA transcript of a transferase gene, 6) 
aberrant modification of a transferase gene, such as of the methylation pattern of the 
genomic DNA, 7) the presence of a non-wild type splicing pattern of a messenger RNA 
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transcript of a transferase gene, 8) a non-wild type level of a transferase-protein, 9) allelic 
loss of a transferase gene, and 10) inappropriate post-translational modification of a 
transferase-protein. As described herein, there are a large number of assays known in the 
art which can be used for detecting alterations in a transferase gene. A preferred biological 
5 sample is a tissue or serum sample isolated by conventional means from a subject. 
In certain embodiments, detection of the alteration involves the use of a 
probe/primer in a polymerase chain reaction (PCR) (see, e.g., U.S. Patent NOs. 4,683,195 
and 4,683,202), such as anchor PCR or RACE PCR, or, alternatively, in a ligation chain 
reaction (LCR) (see, e.g., Landegran et al (1988) Science 241:1077-1080; and Nakazawa et 

10 al. (1994) Proc. Natl. Acad. Sci. USA 91 :360-364), the latter of which can be particularly 
useful for detecting point mutations in the transferase-gene (see Abravaya et al (1995) 
Nucleic Acids Res .23:675-682). This method can include the steps of collecting a sample 
of cells from a subject, isolating nucleic acid (e.g., genomic, mRNA or both) from the cells 
of the sample, contacting the nucleic acid sample with one or more primers which 

1 5 specifically hybridize to a transferase gene under conditions such that hybridization and 
amplification of the transferase-gene (if present) occurs, and detecting the presence or 
absence of an amplification product, or detecting the size of the amplification product and 
comparing the length to a control sample. It is antici pated t hat PCR an d/or LCR may be 
desirable to use as a preliminary amplification step in conjunction with any of the 

20 techniques used for detecting mutations described herein. 

Alternative amplification methods include: self sustained sequence replication 
(Guatelli, J.C. et al, (1990) Proc. Natl Acad. Sci. USA 87:1874-1878), transcriptional 
amplification system (Kwoh, D.Y. et al 9 (1989) Proc. Natl Acad. Sci. USA 86:1173-1177), 
Q-Beta Replicase (Lizardi, P.M. et al (1988) Bio-Technology 6:1 197), or any other nucleic 

25 acid amplification method, followed by the detection of the amplified molecules using 
techniques well known to those of skill in the art. These detection schemes are especially 
useful for the detection of nucleic acid molecules if such molecules are present in very low 
numbers. 

In an alternative embodiment, mutations in a transferase gene from a sample cell 
30 can be identified by alterations in restriction enzyme cleavage patterns. For example, 
sample and control DNA is isolated, amplified (optionally), digested with one or more 
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restriction endonucleases, and fragment length sizes are determined by gel electrophoresis 
and compared. Differences in fragment length sizes between sample and control DNA 
indicates mutations in the sample DNA. Moreover, the use of sequence specific ribozymes 
(see, for example, U.S. Patent No. 5,498,531) can be used to score for the presence of 
5 specific mutations by development or loss of a ribozyme cleavage site. 

In other embodiments, genetic mutations in transferase can be identified by 
hybridizing a sample and control nucleic acids, e.g., DNA or RNA, to high density arrays 
containing hundreds or thousands of oligonucleotides probes (Cronin, M.T. et al (1996) 
Human Mutation 7: 244-255; Kozal, M.J. etal (1996) Nature Medicine 2: 753-759). For 

10 example, genetic mutations in transferase can be identified in two dimensional arrays 
containing light-generated DNA probes as described in Cronin, M.T. et al supra. Briefly, 
a first hybridization array of probes can be used to scan through long stretches of DNA in a 
sample and control to identify base changes between the sequences by making linear arrays 
of sequential overlapping probes. This step allows the identification of point mutations. 

15 This step is followed by a second hybridization array that allows the characterization of 
specific mutations by using smaller, specialized probe arrays complementary to all variants 
or mutations detected. Each mutation array is composed of parallel probe sets, one 

complementary to the wild-type gene and tire other compl^entaryjo themutant gene. 

In yet another embodiment, any of a variety of sequencing reactions known in the 

20 art can be used to directly sequence the transferase gene and detect mutations by comparing 
the sequence of the sample transferase with the corresponding wild-type (control) sequence. 
Examples of sequencing reactions include those based on techniques developed by Maxam 
and Gilbert ((1977) Proc. Natl Acad. ScL USA 74:560) or Sanger ((1977) Proa Natl Acad 
Set USA 74:5463). It is also contemplated that any of a variety of automated sequencing 

25 procedures can be utilized when performing the diagnostic assays ((1995) Biotechniques 
19:448), including sequencing by mass spectrometry (see, e.g., PCT International 
Publications. WO 94/16101; Cohens al (1996) Adv. Chromatogr. 36:127-162; and 
Griffin et al (1993) Appl Biochem. Biotechnol 38:147-159). 

Other methods for detecting mutations in the transferase gene include methods in 

30 which protection from cleavage agents is used to detect mismatched bases in RNA/RNA or 
RNA/DNA heteroduplexes (Myers et al (1985) Science 230:1242). In general, the art 



104 



WO 01/64904 



PCT/US01/06463 



technique of "mismatch cleavage" starts by providing heteroduplexes of formed by 
hybridizing (labeled) RNA or DNA containing the wild-type transferase sequence with 
potentially mutant RNA or DNA obtained from a tissue sample. The double-stranded 
duplexes are treated with an agent which cleaves single-stranded regions of the duplex such 
5 as which will exist due to basepair mismatches between the control and sample strands. 
For instance, RNA/DNA duplexes can be treated with RNase and DNA/DNA hybrids 
treated with SI nuclease to enzymatically digesting the mismatched regions. In other 
embodiments, either DNA/DNA or RNA/DNA duplexes can be treated with 
hydroxylamine or osmium tetroxide and with piperidine in order to digest mismatched 
10 regions. After digestion of the mismatched regions, the resulting material is then separated 
by size on denaturing polyacrylamide gels to determine the site of mutation. See, for 
example, Cotton et al (1988) Proc. Natl Acad Sci USA 85:4397; Saleeba et al. (1992) 
Methods Enzymol 217:286-295. In a preferred embodiment, the control DNA or RNA can 
be labeled for detection. 
15 In still another embodiment, the mismatch cleavage reaction employs one or more 

proteins that recognize mismatched base pairs in double-stranded DNA (so called "DNA 
mismatch repair" enzymes) in defined systems for detecting and mapping point mutations 
in transferase cDNAs o btained from sam ples of cells. Eor examplej the-miit^finyymft nf F— 
coli cleaves A at G/A mismatches and the thymidine DNA glycosylase from HeLa cells 
20 cleaves T at G/T mismatches (Hsu et al (1994) Carcinogenesis 15:1657-1662). According 
to an exemplary embodiment, a probe based on a transferase sequence, e.g., a wild-type 
transferase sequence, is hybridized to a cDNA or other DNA product from a test cell(s). 
The duplex is treated with a DNA mismatch repair enzyme, and the cleavage products, if 
any, can be detected from electrophoresis protocols or the like. See, for example, U.S. 
25 Patent No. 5,459,039. 

In other embodiments, alterations in electrophoretic mobility will be used to 
identify mutations in transferase genes. For example, single strand conformation 
polymorphism (SSCP) may be used to detect differences in electrophoretic mobility 
between mutant and wild type nucleic acids (Orita et al (1989) Proc Natl Acad. Sci USA: 
30 86:2766, see also Cotton (l993)Mutat. Res. 285:125-144; andHayashi (1992) Genet. Anal 
Tech. Appl 9:73-79). Single-stranded DNA fragments of sample and control transferase 
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nucleic acids will be denatured and allowed to renature. The secondary structure of single- 
stranded nucleic acids varies according to sequence, the resulting alteration in 
electrophoretic mobility enables the detection of even a single base change. The DNA 
fragments may be labeled or detected with labeled probes. The sensitivity of the assay may 
5 be enhanced by using RNA (rather than DNA), in which the secondary structure is more 
sensitive to a change in sequence. Li a preferred embodiment, the subject method utilizes 
heteroduplex analysis to separate double stranded heteroduplex molecules on the basis of 
changes in electrophoretic mobility (Keen et al (1991) Trends Genet 7:5). 

In yet another embodiment the movement of mutant or wild-type fragments in 

10 polyacrylamide gels containing a gradient of denaturant is assayed using denaturing 

gradient gel electrophoresis (DGGE) (Myers et al (1985) Nature 313:495). When DGGE 
is used as the method of analysis, DNA will be modified to insure that it does not 
completely denature, for example by adding a GC clamp of approximately 40 bp of high- 
melting GC-rich DNA by PCR. In a further embodiment, a temperature gradient is used in 

15 place of a denaturing gradient to identify differences in the mobility of control and sample 
DNA (Rosenbaum and Reissner (1987) Biophys Chem 265:12753). 

Examples of other techniques for detecting point mutations include, but are not 

limited to, selective oligonucleotide hybridization, selective amplification, or selective 

primer extension. For example, oligonucleotide primers may be prepared in which the 

20 known mutation is placed centrally and then hybridized to target DNA under conditions 
which permit hybridization only if a perfect match is found (Saiki et al. (1986) Nature 
324:163); Saiki et al (1989) Proa Natl Acad Sci USA 86:6230). Such allele specific 
oligonucleotides are hybridized to PCR amplified target DNA or a number of different 
mutations when the oligonucleotides are attached to the hybridizing membrane and 

25 hybridized with labeled target DNA. 

Alternatively, allele specific amplification technology which depends on selective 
PCR amplification may be used in conjunction with the instant invention. Oligonucleotides 
used as primers for specific amplification may carry the mutation of interest in the center of 
the molecule (so that amplification depends on differential hybridization) (Gibbs et al 

30 (1989) Nucleic Acids Res. 17:2437-2448) or at the extreme 3' end of one primer where, 
under appropriate conditions, mismatch can prevent, or reduce polymerase extension 
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(Prossner (1 993) Tibtech 1 1 :238). In addition it may be desirable to introduce a novel 
restriction site in the region of the mutation to create cleavage-based detection (Gasparini et 
al (1992) Mol Cell Probes 6:1). It is anticipated that in certain embodiments 
amplification may also be performed using Taq ligase for amplification (Barany (1991) 
5 Proc. Natl Acad. Sci USA 88:189). In such cases, ligation will occur only if there is a 
perfect match at the 3 1 end of the 5 1 sequence making it possible to detect the presence of a 
known mutation at a specific site by looking for the presence or absence of amplification. 

The methods described herein may be performed, for example, by utilizing pre- 
packaged diagnostic kits comprising at least one probe nucleic acid or antibody reagent 
10 described herein, which may be conveniently used, e.g., in clinical settings to diagnose 
patients exhibiting symptoms or family history of a disease or illness involving a 
transferase gene. 

Furthermore, any cell type or tissue in which transferase is expressed may be 
utilized in the prognostic assays described herein. 

15 

3. Monitoring of Effects During Clinical Trials 

Monitoring, the influence of agents (e.g., drugs) on the expression or activity of a 
transferase protein (e.g., the modulation of cell growth, differentiation, migration, and/or 
apoptosis mechanisms) can be applied not only in basic drug screening, but also in clinical 

20 trials. For example, the effectiveness of an agent determined by a screening assay as 
described herein to increase transferase gene expression, protein levels, or upregulate 
transferase activity, can be monitored in clinical trials of subjects exhibiting decreased 
transferase gene expression, protein levels, or downregulated transferase activity. 
Alternatively, the effectiveness of an agent determined by a screening assay to decrease 

25 transferase gene expression, protein levels, or downregulate transferase activity, can be 
monitored in clinical trials of subjects exhibiting increased transferase gene expression, 
protein levels, or upregulated transferase activity. In such clinical trials, the expression or 
activity of a transferase gene, and preferably, other genes that have been implicated in, for 
example, a transferase-associated disorder can be used as a "read out" or markers of the 

30 phenotype of a particular cell. 
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For example, and not by way of limitation, genes, including transferase, that are 
modulated in cells by treatment with an agent (e.g., compound, drug or small molecule) 
which modulates transferase activity (e.g., identified in a screening assay as described 
herein) can be identified. Thus, to study the effect of agents on transferase-associated 

5 disorders (e.g., disorders characterized by deregulated cell growth, differentiation and/or 
migration mechanisms), for example, in a clinical trial, cells can be isolated and RNA 
prepared and analyzed for the levels of expression of transferase and other genes implicated 
in the transferase-associated disorder, respectively. The levels of gene expression (e.g., a 
gene expression pattern) can be quantified by northern blot analysis or RT-PCR, as 

10 described herein, or alternatively by measuring the amount of protein produced, by one of 
the methods as described herein, or by measuring the levels of activity of transferase or 
other genes. In this way, the gene expression pattern can serve as a marker, indicative of 
the physiological response of the cells to the agent. Accordingly, this response state may be 
determined before, and at various points during treatment of the individual with the agent. 

15 In a preferred embodiment, the present invention provides a method for monitoring 

the effectiveness of treatment of a subject with an agent (e.g., an agonist, antagonist, 
peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug candidate 

identified by the. screenmg assays described herein) includm 

pre-administration sample from a subject prior to administration of the agent; (ii) detecting 

20 the level of expression of a transferase protein, mRNA, or genomic DNA in the 

preadministration sample; (iii) obtaining one or more post-administration samples from the 
subject; (iv) detecting the level of expression or activity of the transferase protein, mRNA, 
or genomic DNA in the post-administration samples; (v) comparing the level of expression 
or activity of the transferase protein, mRNA, or genomic DNA in the pre-administration 

25 sample with the transferase protein, mRNA, or genomic DNA in the post administration 
sample or samples; and (vi) altering the administration of the agent to the subject 
accordingly. For example, increased administration of the agent maybe desirable to 
increase the expression or activity of transferase to higher levels than detected, i.e., to 
increase the effectiveness of the agent. Alternatively, decreased administration of the agent 

30 may be desirable to decrease expression or activity of transferase to lower levels than 

detected, i.e. to decrease the effectiveness of the agent. According to such an embodiment, 
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transferase expression or activity may be used as an indicator of the effectiveness of an 
agent, even in the absence of an observable phenotypic response. 

4. Use of 25324, 50287, 28899, 47007, and 42967 Molecules as Surrogate Markers 
5 The 25324, 50287, 28899, 47007, or 42967 molecules of the invention are also 

useful as markers of disorders or disease states, as markers for precursors of disease states, 
as markers for predisposition of disease states, as markers of drug activity, or as markers of 
the pharmacogenomic profile of a subject. Using the methods described herein, the 
presence, absence and/or quantity of the 25324, 50287, 28899, 47007, or 42967 molecules 
10 of the invention may be detected, and may be correlated with one or more biological states 
in vivo. For example, the 25324, 50287, 28899, 47007, or 42967 molecules of the 
invention may serve as surrogate markers for one or more disorders or disease states or for 
conditions leading up to disease states. As used herein, a "surrogate marker" is an objective 
biochemical marker which correlates with the absence or presence of a disease or disorder, 
1 5 or with the progression of a disease or disorder (e.g. 9 with the presence or absence of a 
tumor). The presence or quantity of such markers is independent of the disease. Therefore, 
these markers may serve to indicate whether a particular course of treatment is effective in 

lessening a disease state or disorder. Surrogate markers are of particular.use.when the 

presence or extent of a disease state or disorder is difficult to assess through standard 
20 methodologies (e.g., early stage tumors), or when an assessment of disease progression is 
desired before a potentially dangerous clinical endpoint is reached (e.g., an assessment of 
cardiovascular disease may be made using cholesterol levels as a surrogate marker, and an 
analysis of HIV infection may be made using HIV RNA levels as a surrogate marker, well 
in advance of the undesirable clinical outcomes of myocardial infarction or fully-developed 
25 AIDS). Examples of the use of surrogate markers in the art include: Koomen et al (2000) 
J. Mass. Spectrom. 35: 258-264; and James (1 994) AIDS Treatoent News Archive 209. 

The 25324, 50287, 28899, 47007, or 42967 molecules of the invention are also 
useful as pharmacodynamic markers. As used herein, a "pharmacodynamic marker" is an 
objective biochemical marker which correlates specifically with drug effects. The presence 
30 or quantity of a pharmacodynamic marker is not related to the disease state or disorder for 
which the drug is being administered; therefore, the presence or quantity of the marker is 
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indicative of the presence or activity of the drug in a subject. For example, a 
pharmacodynamic marker may be indicative of the concentration of the drug in a biological 
tissue, in that the marker is either expressed or transcribed or not expressed or transcribed 
in that tissue in relationship to the level of the drug. In this fashion, the distribution or 
5 uptake of the drug may be monitored by the pharmacodynamic marker. Similarly, the 
presence or quantity of the pharmacodynamic marker may be related to the presence or 
quantity of the metabolic product of a drug, such that the presence or quantity of the marker 
is indicative of the relative breakdown rate of the drug in vivo. Pharmacodynamic markers 
are of particular use in increasing the sensitivity of detection of drug effects, particularly 
10 when the drug is administered in low doses. Since even a small amount of a drug may be 
sufficient to activate multiple rounds of marker (e.g., a 25324, 50287, 28899, 47007, or 
42967 marker) transcription or expression, the amplified marker may be in a quantity which 
is more readily detectable than the drug itself. Also, the marker may be more easily 
detected due to the nature of the marker itself; for example, using the methods described 

15 herein, anti- 25324, 50287, 28899, 47007, or 42967 antibodies may be employed in an 
immune-based detection system for a 25324, 50287, 28899, 47007, or 42967 protein 
marker, or 25324, 50287, 28899, 47007, or 42967-specific radiolabeled probes may be 
used to detect a 25324, 50287, 28899, 47007,, or 42967 mRNA marker. .Furthermore, the 
use of a pharmacodynamic marker may offer mechanism-based prediction of risk due to 

20 drug treatment beyond the range of possible direct observations. Examples of the use of 
pharmacodynamic markers in the art include: Matsuda et al. US 6,033,862; Hattis et al 
(1991) Env. Health Perspect. 90: 229-238; Schentag (1999) Am. J. Health-Syst. Pharm. 56 
Suppl. 3: S21-S24; and Nicolau (1999) Am, J. Health-Syst. Pharm. 56 Suppl. 3: S16-S20. 
The 25324, 50287, 28899, 47007, or 42967 molecules of the invention are also 

25 useful as pharmacogenomic markers. As used herein, a "pharmacogenomic marker" is an 
objective biochemical marker which coirelates with a specific clinical drug response or 
susceptibility in a subject (see, e.g., McLeod et al (1999) Eur. J. Cancer 35(12): 1650- 
1652). The presence or quantity of the pharmacogenomic marker is related to the predicted 
response of the subject to a specific drug or class of drugs prior to administration of the 

30 drug. By assessing the presence or quantity of one or more pharmacogenomic markers in a 
subject, a drug therapy which is most appropriate for the subject, or which is predicted to 



110 



WO 01/64904 



PCT/USO 1/06463 



have a greater degree of success, may be selected. For example, based on the presence or 
quantity of RNA, or protein (eg., 25324, 50287, 28899, 47007, or 42967 protein or RNA) 
for specific tumor markers in a subject, a drug or course of treatment may be selected that 
is optimized for the treatment of the specific tumor likely to be present in the subject. 
5 Similarly, the presence or absence of a specific sequence mutation in 25324, 50287, 28899, 
47007, or 42967 DNA may coirelate 25324, 50287, 28899, 47007, or 42967 drug 
response. The use of pharmacogenomic markers therefore permits the application of the 
most appropriate treatment for each subject without having to administer the therapy. 

10 D. Methods of Treatment: 

The present invention provides for both prophylactic and therapeutic methods of 
treating a subject at risk of (or susceptible to) a disorder or having a disorder associated 
with aberrant or unwanted transferase expression or activity. With regards to both 
prophylactic and therapeutic methods of treatment, such treatments maybe specifically 

15 tailored or modified, based on knowledge obtained from the field of pharmacogenomics. 
"Treatment", as used herein, is defined as the application or administration of a therapeutic 
agent to a patient, or application or administration of a therapeutic agent to an isolated 

tissue or cell line from a patient, who has a disease, a symptom of disease or a - 

predisposition toward a disease, with the purpose to cure, heal, alleviate, relieve, alter, 

20 remedy, ameliorate, improve or affect the disease, the symptoms of disease or the 

predisposition toward disease. A therapeutic agent includes, but is not limited to, small 
molecules, peptides, antibodies, ribozymes and antisense oligonucleotides. 
"Pharmacogenomics", as used herein, refers to the application of genomics technologies 
such as gene sequencing, statistical genetics, and gene expression analysis to drugs in 

25 clinical development and on the market More specifically, the term refers the study of 
how a patient's genes determine his or her response to a drug (e.g., a patient's "drug 
response phenotype", or "drug response genotype".) Thus, another aspect of the invention 
provides methods for tailoring an individual's prophylactic or therapeutic treatment with 
either the transferase molecules of the present invention or transferase modulators 

30 according to that individual's drug response genotype. Pharmacogenomics allows a 

clinician or physician to target prophylactic or therapeutic treatments to patients who will 
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most benefit from the treatment and to avoid treatment of patients who will experience 
toxic drug-related side effects. 



1 . Prophylactic Methods 

5 In one aspect, the invention provides a method for preventing in a subject, a disease 

or condition associated with an aberrant or unwanted transferase expression or activity, by 
administering to the subject a transferase or an agent which modulates transferase 
expression or at least one transferase activity. Subjects at risk for a disease which is caused 
or contributed to by aberrant or unwanted transferase expression or activity can be 

10 identified by, for example, any or a combination of diagnostic or prognostic assays as 
described herein. Administration of a prophylactic agent can occur prior to the 
manifestation of symptoms characteristic of the transferase aberrance, such that a disease or 
disorder is prevented or, alternatively, delayed in its progression. Depending on the type of 
transferase aberrance, for example, a transferase, transferase agonist or transferase 

15 antagonist agent can be used for treating the subject. The appropriate agent can be 
determined based on screening assays described herein. 

2. Therapeutic Methods 

Treatment of a Disease by Modulation of Transferase Genes or Gene Products 

20 A disease can be treated by negatively modulating the expression of a target gene or 

the activity of a target gene product. "Negative modulation," refers to a reduction in the 
level and/or activity of target gene product relative to the level and/or activity of the target 
gene product in the absence of the modulatory treatment. 

It is possible that some diseases can be caused, at least in part, by an abnormal level 

25 of gene product, or by the presence of a gene product exhibiting abnormal activity. As 
such, the reduction in the level and/or activity of such gene products would bring about the 
amelioration of the disease symptoms. 

Negative Modulatory Techniques 
30 As discussed, successful treatment of a, disease can be brought about by techniques 

that serve to inhibit the expression or activity of target gene products. 
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For example, compounds, e.g., an agent identified using an assays described above, 
that proves to exhibit negative modulatory activity, can be used in accordance with the 
invention to prevent and/or ameliorate symptoms of a disease. Such molecules can include, 
but are not limited to peptides, phosphopeptides, small organic or inorganic molecules, or 
5 antibodies (including, for example, polyclonal, monoclonal, humanized, anti-idiotypic, 
chimeric or single chain antibodies, and FAb, F(ab f )2 and FAb expression library fragments, 
scFV molecules, and epitope-binding fragments thereof). 

Further, antisense and ribozyme molecules that inhibit expression of the target gene 
can also be used in accordance with the invention to reduce the level of target gene 
10 expression, thus effectively reducing the level of target gene activity. Still further, triple 
helix molecules can be utilized in reducing the level of target gene activity. 

Among the compounds that can exhibit the ability to prevent and/or ameliorate 
symptoms of a disease are antisense, ribozyme, and triple helix molecules. Such molecules 
can be designed to reduce or inhibit either wild type, or if appropriate, mutant target gene 
15 activity. Techniques for the production and use of such molecules are well known to those 
of skill in the art. 

Anti-sense RNA and DNA molecules act to directly block the translation of mRNA 

by hybridizing to targeted mRNA and preventing protein ^translation. With respect to 

antisense DNA, oligodeoxyribonucleotides derived from the translation initiation site, e.g., 
20 between the -10 and +10 regions of the target gene nucleotide sequence of interest, are 
preferred. 

Ribozymes are enzymatic RNA molecules capable of catalyzing the specific 
cleavage of RNA. (For a review, see, for example, Rossi, 1994, Ciunrent Biology 4:469- 
471.) The mechanism of ribozyme action involves sequence specific hybridization of the 

25 ribozyme molecule to complementary target RNA, followed by an endonucleolytic cleav- 
age. The composition of ribozyme molecules must include one or more sequences 
complementary to the target gene mRNA and must include the well-known catalytic 
sequence responsible for mRNA cleavage. For this sequence, see U.S. Pat No. 5,093,246, 
that is incorporated by reference herein in its entirety. As such within the scope of the 

30 invention are engineered hammerhead motif ribozyme molecules that specifically and 
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efficiently catalyze endonucleolytic cleavage of RNA sequences encoding target gene 
proteins. 

Specific ribozyme cleavage sites within any potential RNA target are initially 
identified by scanning the molecule of interest for ribozyme cleavage sites that include the 
5 following sequences, GUA, GUU, and GUC. Once identified, short RNA sequences of 
between 15 and 20 ribonucleotides corresponding to the region of the target gene 
containing the cleavage site can be evaluated for predicted structural features, such as 
secondary structure, that can render the oligonucleotide sequence unsuitable. The 
suitability of candidate sequences can also be evaluated by testing their accessibility to 

1 0 hybridization with complementary oligonucleotides, using ribonuclease protection assays. 

Nucleic acid molecules to be used in triplex helix formation for the inhibition of 
transcription should be single stranded and composed of deoxynucleotides. The base 
composition of these oligonucleotides must be designed to promote triple helix formation 
via Hoogsteen base pairing rules, that generally require sizeable stretches of either purines 

15 or pyrimidines to be present on one strand of a duplex. Nucleotide sequences can be 
pyrimidine-based, that will result in TAT and CGC + triplets across the three associated 
strands of the resulting triple helix. The pyrimidine-rich molecules provide base 

complementarity to a ^purine-^ich region of a single strand ofthe duplex in a parallel 

orientation to that strand. In addition, nucleic acid molecules can be chosen that are purine- 

20 rich, for example, contain a stretch of G residues. These molecules will form a triple helix 
with a DNA duplex that is rich in GC pairs, in that the majority of the purine residues are 
located on a single strand of the targeted duplex, resulting in GGC triplets across the three 
strands in the triplex. 

Alternatively, the potential sequences that can be targeted for triple helix formation 

25 can be increased by creating a so called "switchback" nucleic acid molecule. Switchback 
molecules are synthesized in an alternating 5-3 1 , 3-5' manner, such that they base pair with 
first one strand of a duplex and then the other, eliminating the necessity for a sizeable 
stretch of either purines or pyrimidines to be present on one strand of a duplex. 

In instances wherein the antisense, ribozyme, and/or triple helix molecules 

30 described herein are utilized to reduce or inhibit mutant gene expression, it is possible that 
the technique utilized can also efficiently reduce or inhibit the transcription (triple helix) 
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and/or translation (antisense, ribozyme) of mRNA produced by normal target gene alleles 
such that the possibility can arise wherein the concentration of normal target gene product 
present can be lower than is necessary for a normal phenotype. In such cases, to ensure that 
substantially normal levels of target gene activity are maintained, nucleic acid molecules 
5 that encode and express target gene polypeptides exhibiting normal target gene activity can 
be introduced into cells via gene therapy method. Alternatively, in instances in that the 
target gene encodes an extracellular protein, it can be preferable to co-administer normal 
target gene protein into the cell or tissue in order to maintain the requisite level of cellular 
or tissue target gene activity. 

10 Anti-sense RNA and DNA, ribozyme and triple helix molecules of the invention 

can be prepared by any method known in the art for the synthesis of DNA and RNA 
molecules. These include techniques for chemically synthesizing oligodeoxyri- 
bonucleotides and oligoribonucleotides well known in the art such as, for example, solid 
phase phosphoramidite chemical synthesis. Alternatively, RNA molecules can be 

15 generated by in vitro and in vivo transcription of DNA sequences encoding the antisense 
RNA molecule. Such DNA sequences can be incorporated into a wide variety of vectors 
that incorporate suitable RNA polymerase promoters such as the 17 or SP6 polymerase 
promoters. Alternatively, antisense cDNA constructs that synthesize antisense RNA _ . 
constitutively or inducibly, depending on the promoter used, can be introduced stably into 

20 cell lines. 

Various well-known modifications to the DNA molecules can be introduced as a 
means of increasing intracellular stability and half-life. Possible modifications include but 
are not limited to the addition of flanking sequences of ribo- or deoxy- nucleotides to the 5 f 
and/or 3' ends of the molecule or the use of phosphorothioate or 2' O-methyl rather than 

25 phosphodiesterase linkages within the ohgodeoxyribonucleotides backbone. 

Another method by which nucleic acid molecules may be utilized in treatment or 
prevention of a disease state characterized by transferase expression is through the use of 
aptamer molecules specific for transferase protein. Aptamers are nucleic acid molecules 
having a tertiary structure which permits them to specifically bind to protein ligands (see, 

30 e.g., Osborne, et al Curr. Opin. Chem Biol 1997, 1(1): 5-9; and Patel, D J. Curr Opin 
Chem Biol 1997 Jun; l(l):32-46). Since nucleic acid molecules may in many cases be 
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more conveniently introduced into target cells than therapeutic protein molecules may be, 
aptamers offer a method by which transferase protein activity may be specifically decreased 
without the introduction of drugs or other molecules which may have pluripotent effects. 
Antibodies can be generated that are both specific for target gene product and that 
5 reduce target gene product activity. Such antibodies may, therefore, by administered in 
instances whereby negative modulatory techniques are appropriate for the treatment of a 
disease. Antibodies can be generated using standard techniques against the proteins 
themselves or against peptides corresponding to portions of the proteins. The antibodies 
include but are not limited to polyclonal, monoclonal, Fab fragments, single chain 
10 antibodies, scFV molecules, chimeric antibodies, and the like, as described herein. 

In circumstances wherein injection of an animal or a human subject with a 
transferase protein or epitope for the purpose of stimulating antibody production is harmful 
to the subject, due to the nature of the transferase protein or portion thereof, it is possible to 
generate an immune response against transferase through the use of anti-idiotypic 

15 antibodies (see, for example, Herlyn, D. Ann Med 1999;3 l(l):66-78; and Bhattacharya- 
Chatteqee, M., andFoon, K.A. Cancer Treat Res 1998;94:51-68). Anti-idiotypic 
antibodies are antibodies which specifically recognize the antigen-binding portion of 

another antibody, and as such, then jmtigen-binding ^ 

structure to an epitope of the antigen to which the first antibody was specific. For example, 

20 an anti-idiotypic antibody specific for the antigen-binding domain of an anti-transferase 
antibody should have an antigen-binding domain structure similar to that of some portion of 
the transferase protein. If such an anti-idiotypic antibody is introduced into a mammal or 
human subject, it should stimulate the production of anti-anti-idiotypic antibodies, which 
should be specific to the transferase protein. Vaccines directed to a disease state 

25 characterized by transferase expression may also be generated in this fashion. 

In instances where the target gene protein to that the antibody is directed to is 
intracellular and whole antibodies are used, internalizing antibodies may be preferred. 
However, lipofectin or liposomes can be used to deliver the antibody or a fragment of the 
Fab region that binds to the target gene epitope into cells. Where fragments of the antibody 

30 are used, the smallest inhibitory fragment that binds to the target protein's binding domain 
is preferred. For example, peptides having an amino acid sequence corresponding to the 
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domain of the variable region of the antibody that binds to the target gene protein can be 
used. Such peptides can be synthesized chemically or produced via recombinant DNA 
technology using methods well known in the art (e.g., see Creighton, 1983, supra; and 
Sambrook et al. 9 1989, supra). Alternatively, single chain neutralizing antibodies that bind 
5 to intracellular target gene product epitopes can also be administered. Such single chain 
antibodies can be administered, for example, by expressing nucleotide sequences encoding 
single-chain antibodies within the target cell population by utilizing, for example, 
techniques such as those described in Marasco et ah (1993, Proc. Natl Acad. ScL USA 
90:7889-7893). 

10 

Therapeutic Treatment 

The identified compounds that inhibit target gene expression, synthesis and/or 
activity can be administered to a patient at therapeutically effective doses to prevent, treat 
or ameliorate a disease. A therapeutically effective dose refers to that amount of the 
1 5 compound sufficient to result in amelioration of symptoms of a disease. 

Effective Dose 

Toxicity and therapeutic_efficacy-of such compounds can be determined by standard 

pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining 

20 the LD 5 o (the dose lethal to 50% of the population) and the ED 50 (the dose therapeutically 
effective in 50% of the population). The dose ratio between toxic and therapeutic effects is 
the therapeutic index and it can be expressed as the ratio LD50/ED50. Compounds that 
exhibit large therapeutic indices are preferred. While compounds that exhibit toxic side 
effects can be used, care should be taken to design a delivery system that targets such 

25 compounds to the site of affected tissue in order to minimize potential damage to 
uninfected cells and, thereby, reduce side effects. 

The data obtained from the cell culture assays and animal studies can be used in 
formulating a range of dosage for use in humans. The dosage of such compounds lies 
preferably within a range of circulating concentrations that include the ED 50 with little or 

30 no toxicity. The dosage can vary within this range depending upon the dosage form 

employed and the route of administration utilized. For any compound used in the method 
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of the invention, the therapeutically effective dose can be estimated initially from cell 
culture assays. A dose can be formulated in animal models to achieve a circulating plasma 
concentration range that includes the IC50 (i.e., the concentration of the test compound that 
achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such 
5 information can be used to more accurately determine useful doses in humans. Levels in 
plasma can be measured, for example, by high performance liquid chromatography. 

Another example of determination of effective dose for an individual is the ability 
to directly assay levels of "free" and "bound" compound in the serum of the test subject. 
Such assays may utilize antibody mimics and/or "biosensors" that have been created 
1 0 through molecular imprinting techniques. The compound which is able to modulate 
transferase activity is used as a template, or "imprinting molecule", to spatially organize 
polymerizable monomers prior to their polymerization with catalytic reagents. The 
subsequent removal of the imprinted molecule leaves a polymer matrix which contains a 
repeated "negative image" of the compound and is able to selectively rebind the molecule 

1 5 under biological assay conditions. A detailed review of this technique can be seen in 
Ansell, R. J. et al (1996) Current Opinion in Biotechnology 7:89-94 and in Shea, K.J. 
(1994) Trends in Polymer Science 2:166-173. 

Such "imprinted" affinity matrixes are amenable to Ugand-binding assays, whereby 
the immobilized monoclonal antibody component is replaced by an appropriately imprinted 

20 matrix. An example of the use of such matrixes in this way can be seen in Vlatakis, G. et al 
(1 993) Nature 361 :645-647. Through the use of isotope-labeling, the "free" concentration 
of compound which modulates the expression or activity of transferase can be readily 
monitored and used in calculations of IC50. 

Such "imprinted" affinity matrixes can also be designed to include fluorescent 

25 groups whose photon-emitting properties measurably change upon local and selective 
binding of target compound. These changes can be readily assayed in real time using 
appropriate fiberoptic devices, in turn allowing the dose in a test subject to be quickly 
optimized based on its individual IC50. An rudimentary example of such a "biosensor" is 
discussed in Kriz, D. et al (1995) Analytical Chemistry 67:2142-2144. 

30 Another aspect of the invention pertains to methods of modulating transferase 

expression or activity for therapeutic purposes. Accordingly, in an exemplary embodiment, 
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the modulatory method of the invention involves contacting a cell with a transferase or 
agent that modulates one or more of the activities of transferase protein activity associated 
with the cell. An agent that modulates transferase protein activity can be an agent as 
described herein, such as a nucleic acid or a protein, a naturally-occurring target molecule 
5 of a transferase protein (e.g., a transferase substrate or receptor), a transferase antibody, a 
transferase agonist or antagonist, a peptidomimetic of a transferase agonist or antagonist, or 
other small molecule. In one embodiment, the agent stimulates one or more transferase 
activities. Examples of such stimulatory agents include active transferase protein and a 
nucleic acid molecule encoding transferase that has been introduced into the cell. In 

10 another embodiment, the agent inhibits one or more transferase activities. Examples of 
such inhibitory agents include antisense transferase nucleic acid molecules, anti-transferase 
antibodies, and transferase inhibitors. These modulatory methods can be performed in vitro 
(e.g., by culturing the cell with the agent) or, alternatively, in vivo (e.g., by administering 
the agent to a subject). As such, the present invention provides methods of treating an 

1 5 individual afflicted with a disease or disorder characterized by aberrant or unwanted 
expression or activity of a transferase protein or nucleic acid molecule. In one 
embodiment, the method involves administering an agent (e.g., an agent identified by a 
screening assay described herein), or combination of agents that modulates (e.g., 
upregulates or downregulates) transferase expression or activity. In another embodiment, 

20 the method involves administering a transferase protein or nucleic acid molecule as therapy 
to compensate for reduced, aberrant, or unwanted transferase expression or activity. 

Stimulation of transferase activity is desirable in situations in which transferase is 
abnormally downregulated and/or in which increased transferase activity is likely to have a 
beneficial effect. For example, stimulation of transferase activity is desirable in situations 

25 in which a transferase is downregulated and/or in which increased transferase activity is 
likely to have a beneficial effect. Likewise, inhibition of transferase activity is desirable in 
situations in which transferase is abnormally upregulated and/or in which decreased 
transferase activity is likely to have a beneficial effect. 
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3. Pharmacogenomics 

The transferase molecules of the present invention, as well as agents, or modulators 
which have a stimulatory or inhibitory effect on transferase activity (e.g., transferase gene 
expression) as identified by a screening assay described herein can be administered to 
5 individuals to treat (prophylactically or therapeutically) transferase-associated disorders 
(e.g., cell proliferation and/or differentiation disorders, or disorders characterized by 
aberrant angiogenesis) associated with aberrant or unwanted transferase activity. In 
conjunction with such treatment, pharmacogenomics (i.e., the study of the relationship 
between an individual's genotype and that individual's response to a foreign compound or 

1 0 drug) may be considered. Differences in metabolism of therapeutics can lead to severe 
toxicity or therapeutic failure by altering the relation between dose and blood concentration 
of the pharmacologically active drug. Thus, a physician or clinician may consider applying 
knowledge obtained in relevant pharmacogenomics studies in determining whether to 
administer a transferase molecule or transferase modulator as well as tailoring the dosage 

1 5 and/or therapeutic regimen of treatment with a transferase molecule or transferase 
modulator, 

Pharmacogenomics deals with clinically significant hereditary variations in the 
response to drugs due to altered drug disposition and abnormal action in affected perswis,_,_ 
See, for example, Eichelbaum, M. et al. (1996) Clin. Exp. Pharmacol Physiol 23(10-11) 

20 :983-985 and Linder, M.W. et al (1997) Clin. Chem. 43(2):254-266. In general, two types 
of pharmacogenetic conditions can be differentiated. Genetic conditions transmitted as a 
single factor altering the way drugs act on the body (altered drug action) or genetic 
conditions transmitted as single factors altering the way the body acts on drugs (altered 
drug metabolism). These pharmacogenetic conditions can occur either as rare genetic 

25 defects or as naturally-occurring polymorphisms. For example, glucose-6-phosphate 
dehydrogenase deficiency (G6PD) is a common inherited enzymopathy in which the main 
clinical complication is haemolysis after ingestion of oxidant drugs (anti-malarials, 
sulfonamides, analgesics, nitrofurans) and consumption of fava beans. 

One pharmacogenomics approach to identifying genes that predict drug response, 

30 known as "a genome-wide association", relies primarily on a high-resolution map of the 
human genome consisting of already known gene-related markers (e.g., a "bi-allelic" gene 
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marker map which consists of 60,000-100,000 polymorphic or variable sites on the human 
genome, each of which has two variants.) Such a high-resolution genetic map can be 
compared to a map of the genome of each of a statistically significant number of patients 
taking part in a Phase Mil drug trial to identify markers associated with a particular 
observed drug response or side effect. Alternatively, such a high resolution map can be 
generated from a combination of some ten-million known single nucleotide polymorphisms 
(SNPs) in the human genome. As used herein, a "SNP" is a common alteration that occurs 
in a single nucleotide base in a stretch of DNA. For example, a SNP may occur once per 
every 1000 bases of DNA. A SNP may be involved in a disease process, however, the vast 
majority may not be disease-associated. Given a genetic map based on the occurrence of 
such SNPs, individuals can be grouped into genetic categories depending on a particular 
pattern of SNPs in their individual genome. In such a manner, treatment regimens can be 
tailored to groups of genetically similar individuals, taking into account traits that maybe 
common among such genetically similar individuals. 

Alternatively, a method termed the "candidate gene approach", can be utilized to 
identify genes that predict drug response. According to this method, if a gene that encodes 
a drug's target is known (e.g., a transferase protein of the present invention), all common 

variants of that gene can be fairly easily identified in de population and it can be 

determined if having one version of the gene versus another is associated with a particular 
drug response. 

As an illustrative embodiment, the activity of drug metabolizing enzymes is a major 
determinant of both the intensity and duration of drug action. The discovery of genetic 
polymorphisms of drug metabolizing enzymes (e.g., N-acetyltransferase 2 (NAT 2) and 
cytochrome P450 enzymes CYP2D6 and CYP2C19) has provided an explanation as to why 
some patients do not obtain the expected drug effects or show exaggerated drug response 
and serious toxicity after taking the standard and safe dose of a drug. These 
polymorphisms are expressed in two phenotypes in the population, the extensive 
metabolizer (EM) and poor metabolizer (PM). The prevalence of PM is different among 
different populations. For example, the gene coding for CYP2D6 is highly polymorphic 
and several mutations have been identified in PM, which all lead to the absence of 
functional CYP2D6. Poor metabolizers of CYP2D6 and CYP2C19 quite frequently 
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experience exaggerated drug response and side effects when they receive standard doses. If 
a metabolite is the active therapeutic moiety, PM show no therapeutic response, as 
demonstrated for the analgesic effect of codeine mediated by its CYP2D6-formed 
metabolite morphine. The other extreme are the so called ultra-rapid metabolizers who do 
5 not respond to standard doses. Recently, the molecular basis of ultra-rapid metabolism has 
been identified to be due to CYP2D6 gene amplification. 

Alternatively, a method termed the "gene expression profiling", can be utilized to 
identify genes that predict drug response. For example, the gene expression of an animal 
dosed with a drug (e.g., a transferase molecule or transferase modulator of the present 
invention) can give an indication whether gene pathways related to toxicity have been 
turned on. 

Information generated from more than one of the above pharmacogenomics 
approaches can be used to determine appropriate dosage and treatment regimens for 
prophylactic or therapeutic treatment an individual. This knowledge, when applied to 
dosing or drug selection, can avoid adverse reactions or therapeutic failure and thus 
enhance therapeutic or prophylactic efficiency when treating a subject with a transferase 
molecule or transferase modulator, such as a modulator identified by one of the exemplary 
screening assays described herein. 

The present invention further provides methods for identifying new anti-disease 
agents, or combinations, that are based on identifying agents that modulate the activity of 
one or more of the gene products encoded by one or more of the transferase genes of the 
present invention, wherein these products may be associated with resistance of the cells to a 
therapeutic agent. Specifically, the activity of the proteins encoded by the transferase genes 
of the present invention can be used as a basis for identifying agents for overcoming agent 
resistance. By blocking the activity of one or more of the resistance proteins, cells will 
become sensitive to treatment with an agent that the unmodified cells were resistant to. 
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EXAMPLES 

Example 1: Identification and Characterization of Human 25324. 50287, 28899, 47007. or 
42967 cDNAs 

The human 25324 sequence (Figure 1A-B; SEQ ID NO:l), which is approximately 
5 1 892 nucleotides long including untranslated regions, contains a predicted methionine- 
initiated coding sequence of about 1275 nucleotides (nucleotides 1-1275 of SEQ ID 
NO: 11). The coding sequence encodes a 425 amino acid protein (SEQ ID NO:2). 

The human 50287 sequence (Figure 4; SEQ ID NO:3), which is approximately 1892 
nucleotides long including untranslated regions, contains a predicted methionine-initiated 
10 coding sequence of about 552 nucleotides (1-552 of SEQ ID NO: 12). The coding sequence 
encodes a 184 amino acid protein (SEQ ID NO:4). 

The human 28899 sequence (Figure 7A-B; SEQ ID NO:5), which is approximately 
1832 nucleotides long including untranslated regions, contains a predicted methionine- 
initiated coding sequence of about 1995 nucleotides (nucleotides 1-1128 of SEQ ID 
15 NO:13). The coding sequence encodes a 376 amino acid protein (SEQ ID NO:6). 

The human 47007 sequence (Figure 10A-C; SEQ ID NO:7), which is approximately 
5426 nucleotides long including untranslated regions, contains a predicted methionine- 
initiated coding sequence of about 1269 nucleotides (1-1269 of SEQ ID_NO:14)._ The 

coding sequence encodes a 423 amino acid protein (SEQ ID NO:8). 
20 The human 42967 sequence (Figure 13; SEQ ID NO:9), which is approximately 602 

nucleotides long including untranslated regions, contains a predicted methionine-initiated 
coding sequence of about 519 nucleotides (nucleotides 1-519 of SEQ ID NO:3). The 
coding sequence encodes a 173 amino acid protein (SEQ ID NO: 15). 

25 Example 2: Expression and Tissue Distribution of 25324. 50287. 28899. 47007. or 42967 
mRNA 

Northern blot hybridizations with various RNA samples can be performed under 
standard conditions and washed under stringent conditions, i.e., 0.2xSSC at 65°C. A DNA 
probe corresponding to all or a portion of the 25324, 50287, 28899, 47007, or 42967 cDNA 
30 (SEQ ID NOs:l, 3, 5, 7, or 9) can be used. The DNA is radioactively labeled with 32p. 
dCTP using the Prime-It Kit (Stratagene, La Jolla, CA) according to the instructions of the 
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supplier. Filters containing mRNA from mouse hematopoietic and endocrine tissues, and 
cancer cell lines (Clontech, Palo Alto, CA) can be probed in ExpressHyb hybridization 
solution (Clontech) and washed at high stringency according to manufacturer's 
recommendations. TaqMan real-time quantitative RT-PCR is used to detect the presence of 
5 RNA transcript corresponding to human 25324, 50287, 28899, 47007, or 42967 in several 
tissues. It is found that the corresponding orthologs of 25324, 50287, 28899, 47007, or 
42967 are expressed in a variety of tissues. The results of the screening for 50287, 28899, 
and 47007, are shown in Figures 16-26. 

Reverse Transcriptase PCR (RT-PCR) was used to detect the presence of RNA 

10 transcript corresponding to human 50287, 28899, or 47007 in RNA prepared from tumor 
and normal tissues. Figures 17, 20 and 25 illustrate the relative expression levels and 
tissue distribution of the 50287, 28899, and 47007 genes in various tissues using Taq Man 
PCR. If a subject has a disease characterized by underexpression or overexpression of a 
50287, 28899, or 47007 gene, modulators which have a stimulatory or inhibitory effect on 

15 transferase activity (e.g., transferase gene expression) can be administered to individuals to 
treat (prophylactically or therapeutically) transferase-associated disorders. 

Variable expression was found in xenographs of cell lines tested as shown in 
Figure J6 for 50287, and the highest expression was found.in MCF-7 breast tumor cell line 
and the DLD1 colon tumor cell line. In addition, the 50287 gene was highly expressed in 

20 lung tumor as shown in Figure 1 7. A panel as shown in Figure 1 8 of human normal breast 
cell lines and breast carcinoma cells detected using real-time quantitative RT-PCR Taq 
Man analysis shows that the highest level of expression was found in the MCF-7 breast 
carcinoma cells. 

With regard to 28899, Figure 19 shows an increased expression in 6/6 breast tumor 
25 samples in comparison with normal breast tissue; 2/4 ovary tumor samples in comparison 
with normal ovary tissue; and 5/7 various lung tumor samples in comparison with normal 
lung tissue, which expression was detected using Taq Man analysis. Further results shown 
in Figure 22 relating to expression in breast cell lines show the highest level of expression 
in the MCF-10AT 3B and MCF-10A m25 cells and MCF-7 breast carcinoma cells, 
30 Additional data for ovarian cell lines show the highest level of expression in the MDA 127 
N ovarian epithelial cells as shown in Figure 21 . Lung cell line results are shown in Figure 
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23, which shows the highest level of expression in H522 (AC), H69 (SCLC), H345 Mock, 
and H345 VIP cancer cell lines. 

In an angiogenic panel, the results of which are shown in Figure 24, decreased 
47007 expression is shown in 6/6 brain tumor samples in comparison with normal brain 
5 tissue; and showing high expression in fetal adrenal tissues, hi a panel of human normal 
and diseased blood vessels, as shown in Figure 26, the highest level of 47007 expression 
was found in aortic smooth muscle cells (SMC) (late) and confluent human umbilical vein 
epithelial cells (HUVEC). 

As seen by these results, 50287, 28899, or 47007 molecules have been found to be 

1 0 overexpressed or underexpressed in some tumor or cells involved in angiogenic processes, 
where the molecules may be inappropriately propagating either cell proliferation or cell 
survival signals or have aberrant transferase activity associated with aberrant angiogenesis. 
As such, 50287, 28899, or 47007 molecules may serve as specific and novel identifiers of 
such tumor cells or disorders involving abeiTant angiogenesis. Further, inhibitors of the 

15 50287 molecules are also usefid for the treatment of cancer, preferably breast, lung and 
colon cancer, and useful as a diagnostic. In addition, inhibitors of the 28899, molecules are 
also useful for the treatment of cancer, preferably breast, ovarian and lung cancer, and 
useful as a diagn ostic. Modul ators o f 47007 molecu les are.also useful-for-the-treatment of 
disorders involving aberrant angiogenesis, for example stimulators of the 47007 molecules 

20 are useful for the treatment of tumor angiogenesis, preferably brain tumor angiogenesis, as 
well as the treatment of cardio-vascular disorders and inflammation. 
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Example 3: Recombinant Expression of 25324 50287, 28899. 47007. or 42967 in 
Bacterial Cells 

In this example, 25324, 50287, 28899, 47007, or 42967 is expressed as a 
recombinant glutathione-S-transferase (GST) fusion polypeptide in E. coli and the fusion 
polypeptide is isolated and characterized. Specifically, 25324, 50287, 28899, 47007, or 
42967 is fused to GST and this fusion polypeptide is expressed in E. coli, e.g., strain 
PEB199. Expression of the GST-25324, 50287, 28899, 47007, or 42967 fusion protein in 
PEB199 is induced with IPTG. The recombinant fusion polypeptide is purified from crude 
bacterial lysates of the induced PEB 1 99 strain by affinity chromatography on glutathione 
beads. Using polyacrylamide gel electrophoretic analysis of the polypeptide purified from 
the bacterial lysates, the molecular weight of the resultant fusion polypeptide is determined. 

Example 4: Expression of Recombinant 25324. 50287. 28899. 47007. or 42967 Protein in 
COS CeUs 

To express the 25324, 50287, 28899, 47007, or 42967 gene in COS cells, the 
pcDNA/Amp vector by Invitrogen Corporation (San Diego, CA) is used. This vector 
contains an SV40 origin of replication, an ampicillin resistance gene, an E. coli replication 

origin, a CMV promoter followed by a polylinker region, and an_SY40 intron.and 

polyadenylation site. A DNA fragment encoding the entire 25324, 50287, 28899, 47007, or 
42967 protein and an HA tag (Wilson et al. (1984) Cell 37:767) or a FLAG tag fused in- 
frame to its 3' end of the fragment is cloned into the polylinker region of the vector, thereby 
placing the expression of the recombinant protein under the control of the CMV promoter. 

To construct the plasmid, the 25324, 50287, 28899, 47007, or 42967 DNA sequence 
is amplified by PCR using two primers. The 5 r primer contains the restriction site of 
interest followed by approximately twenty nucleotides of the 25324, 50287, 28899, 47007, 
or 42967 coding sequence starting from the initiation codon; the 3' end sequence contains 
complementary sequences to the other restriction site of interest, a translation stop codon, 
the HA tag or FLAG tag and the last 20 nucleotides of the 25324, 50287, 28899, 47007, or 
42967 coding sequence. The PCR amplified fragment and the pCDNA/Amp vector are 
digested with the appropriate restriction enzymes and the vector is dephosphorylated using 
the CIAP enzyme (New England Biolabs, Beverly, MA). Preferably the two restriction 
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sites chosen are different so that the 25324, 50287, 28899, 47007, or 42967 gene is inserted 
in the correct orientation. The ligation mixture is transformed into E. coli cells (strains 
HB101, DH5<x, SURE, available from Stratagene Cloning Systems, La Jolla, CA, can be 
used), the transformed culture is plated on ampicillin media plates, and resistant colonies 
5 are selected. Plasmid DNA is isolated from transformants and examined by restriction 
analysis for the presence of the correct fragment. 

COS cells are subsequently transfected with the 25324, 50287, 28899, 47007, or 
42967-pcDNA/Amp plasmid DNA using the calcium phosphate or calcium chloride co- 
precipitation methods, DEAE-dextran-mediated transfection, lipofection, or 
10 electroporation. Other suitable methods for transfecting host cells can be found in 

Sambrook, J., Fritsh, E. F., and Maniatis, T. Molecular Cloning: A Laboratory Manual 
2nd, ed, Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY, 1989. The expression of the 25324, 50287, 28899, 47007, or 42967 
polypeptide is detected by radiolabelling ( 35 S-methionine or 35 S-cysteine available from 
15 NEN, Boston, MA, can be used) and immunoprecipitation (Harlow, E. and Lane, D, 
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, NY, 1988) using an HA specific monoclonal antibody. Briefly, the cells are 
labeled for 8 hour^ithj 3 ^ 
collected and the cells are lysed using detergents (RIP A buffer, 150 raM NaCl, 1% NP-40, 
20 0.1% SDS, 0.5% DOC, 50 mM Tris, pH 7.5). Both the cell lysate and the culture media are 
precipitated with an HA specific monoclonal antibody. Precipitated polypeptides are then 
analyzed by SDS-PAGE. 

Alternatively, DNA containing the 25324, 50287, 28899, 47007, or 42967 coding 
sequence is cloned directly into the polylinker of the pCDNA/Amp vector using the 
25 appropriate restriction sites. The resulting plasmid is transfected into COS cells in the 
manner described above, and the expression of the 25324, 50287, 28899, 47007, or 42967 
polypeptide is detected by radiolabelling and immunoprecipitation using a 25324, 50287, 
28899, 47007, or 42967 specific monoclonal antibody. 
Equivalents 

30 Those skilled in the art will recognize, or be able to ascertain using no more than 

routine experimentation, many equivalents to the specific embodiments of the invention 
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What is claimed: 

1 . An isolated 25324, 50287, 28899, 47007, or 42967 nucleic acid molecule 
selected from the group consisting of: 
5 a) a nucleic acid molecule comprising a nucleotide sequence which is at 
least 60% identical to the nucleotide sequence of SEQ ID NO:l, SEQ ID NO:3, SEQ ID 
NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 1 1, SEQ ID NO:12, SEQ ID NO:13, 
SEQ ID NO:14, SEQ ID NO:15, or the nucleotide sequence of the DNA insert of the 
plasmid deposited with ATCC as Accession Number ; 

10 b) a nucleic acid molecule comprising a fragment of at least 1 5 
nucleotides of the nucleotide sequence of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, 
SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:l 1, SEQ ID NO:12, SEQ ID NO:13, SEQ ID 
NO: 14, SEQ ED NO: 15, or the nucleotide sequence of the DNA insert of the plasmid 
deposited with ATCC as Accession Number ; 

15 c) a nucleic acid molecule which encodes a polypeptide comprising the 

amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ 
ID NO: 10, or the amino acid sequence encoded by the cDNA insert of the plasmid 

deposited with the ATCC as Accession Number ;- — 

d) a nucleic acid molecule which encodes a fragment of a polypeptide 
20 comprising the amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ 

ID NO: 8, SEQ ID NO: 10, or the amino acid sequence encoded by the cDNA insert of the 

plasmid deposited with the ATCC as Accession Number , wherein the fragment 

comprises at least 1 5 contiguous amino acids of SEQ ID NO:2, SEQ ID NO:4, SEQ ID 
NO:6, SEQ ID NO:8, SEQ ID NO:10, or the amino acid sequence encoded by the cDNA 
25 insert of the plasmid deposited with the ATCC as Accession Number ; 

e) a nucleic acid molecule which encodes a naturally occurring allelic 
variant of a polypeptide comprising the amino acid sequence of SEQ ID NO:2, SEQ ID 
NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO: 10, or the amino acid sequence encoded 
by the cDNA insert of the plasmid deposited with the ATCC as Accession Number , 

30 wherein the nucleic acid molecule hybridizes to a nucleic acid molecule comprising SEQ 
ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:l 1, 
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SEQ ID NO:12, SEQ ID N0:13, SEQ ID NO: 14, SEQ ID NO:15, or a complement thereof, 
under stringent conditions; 

f) a nucleic acid molecule comprising the nucleotide sequence of SEQ 
ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO: 1 1, 

5 SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, or the nucleotide 
sequence of the DNA insert of the plasmid deposited with ATCC as Accession Number 
; and 

g) a nucleic acid molecule which encodes a polypeptide comprising the 
amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ 

10 ID NO: 10, or the amino acid sequence encoded by the cDNA insert of the plasmid 

deposited with the ATCC as Accession Number . 

2. The isolated nucleic acid molecule of claim 1, which is the nucleotide 

sequence SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, or 
SEQIDNO:9. 

15 3. A host cell which contains the nucleic acid molecule of claim 1 . 

4. An isolated 25324, 50287, 28899, 47007, or 42967 polypeptide selected 
from the group consisting of: 

a) a polypeptide which is encoded by a nucleic acid molecule 

comprising a nucleotide sequence which is at least 60% identical to a nucleic acid 

20 comprising the nucleotide sequence of SEQ ID NO: 1 , SEQ ID NO:3, SEQ ID NO:5, SEQ 
ID NO:7, SEQ ID NO:9, SEQ ID NO:l 1, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO: 14, 
SEQ ID NO: 15, or the nucleotide sequence of the DNA insert of the plasmid deposited with 
ATCC as Accession Number , or a complement thereof; 

b) a naturally occurring allelic variant of a polypeptide comprising the 
25 amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ 

ID NO: 10, or the amino acid sequence encoded by the cDNA insert of the plasmid 

deposited with the ATCC as Accession Number , wherein the polypeptide is 

encoded by a nucleic acid molecule which hybridizes to a nucleic acid molecule comprising 
SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID 
30 NO:l 1, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO: 14, SEQ ID NO:15 or a complement 
thereof under stringent conditions; 
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c) a fragment of a polypeptide comprising the amino acid sequence of 
SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:10, or the amino 
acid sequence encoded by the cDNA insert of the plasmid deposited with the ATCC as 
Accession Number , wherein the fragment comprises at least 15 contiguous amino 

5 acids of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO: 10; and 

d) the amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID 
NO:6, SEQ ID NO:8, SEQ ID NO:10. 

5. An antibody which selectively binds to a polypeptide of claim 4. 

6. A method for producing a polypeptide selected from the group consisting of: 
10 a) a polypeptide comprising the amino acid sequence of SEQ ID NO:2, 

SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:10, or the amino acid sequence 
encoded by the cDNA insert of the plasmid deposited with the ATCC as Accession Number 



b) a polypeptide comprising a fragment of the amino acid sequence of 
15 SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO: 10, or the amino 

acid sequence encoded by the cDNA insert of the plasmid deposited with the ATCC as 

Accession Number , wherein the fragment comprises at least 15 contiguous amino 

a^d^f^QI^^ 
the amino acid sequence encoded by the cDNA insert of the plasmid deposited with the 
20 ATCC as Accession Number ; 

c) a naturally occurring allelic variant of a polypeptide comprising the 
amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ 
ID NO: 10, or the amino acid sequence encoded by the cDNA insert of the plasmid 
deposited with the ATCC as Accession Number , wherein the polypeptide is 

25 encoded by a nucleic acid molecule which hybridizes to a nucleic acid molecule comprising 
SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID 
NO:l 1, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14, or SEQ ID NO:15; and 

d) the amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID 
NO:6, SEQ ID NO:8, or SEQ ID NO: 10; 

30 comprising culturing the host cell of claim 3 under conditions in which the 

nucleic acid molecule is expressed. 
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7. A method for detecting the presence of a nucleic acid molecule of claim 1 or 
a polypeptide encoded by the nucleic acid molecule in a sample, comprising: 

a) contacting the sample with a compound which selectively hybridizes 
to the nucleic acid molecule of claim 1 or binds to the polypeptide encoded by the nucleic 
acid molecule; and 

b) determining whether the compound hybridizes to the nucleic acid or 
binds to the polypeptide in the sample. 

8. A kit comprising a compound which selectively hybindizes to a nucleic acid 
molecule of claim 1 or binds to a polypeptide encoded by the nucleic acid molecule and 
instructions for use. 

9. A method for identifying a compound which binds to a polypeptide or 
modulates the activity of the polypeptide of claim 4 comprising the steps of: 

a) contacting a polypeptide, or a cell expressing a polypeptide of claim ' 
4 with a test compound; and 

b) determining whether the polypeptide binds to the test compound or 
determining the effect of the test compound on the activity of the polypeptide. 

10. A method for modulating the activity of a polypeptide of claim 4 comprising 
contacting the polypeptide or a cell .expressing the polypeptide with a compound which - 
binds to the polypeptide in a sufficient concentration to modulate the activity of the 
polypeptide. 

11. A method of identifying a nucleic acid molecule associated with cancer or a 
disorder characterized by aberrant angiogenesis comprising: 

a) contacting a sample from a subject with or at risk of developing 
cancer or a disorder associated with aberrant angiogenesis comprising nucleic acid 
molecules with a hybridization probe comprising at least 25 contiguous nucleotides of SEQ 
ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, or SEQ ID NO:9, defined in claim 
2; and 

b) detecting the presence of a nucleic acid molecule in the sample that 
hybridizes to the probe, thereby identifying a nucleic acid molecule associated with cancer 
or disorder associated with aberrant angiogenesis. 
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12. A method of identifying a nucleic acid associated with cancer or a disorder 
characterized by aberrant angiogenesis comprising: 

a) contacting a sample from a subject having cancer or a disorder 
characterized by aberrant angiogenesis or at risk of developing cancer or a disorder 

5 associated with aberrant angiogenesis comprising nucleic acid molecules with a first and a 
second amplification primer, the first primer comprising at least 25 contiguous nucleotides 
of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, or SEQ ID NO:9, defined 
in claim 2 and the second primer comprising at least 25 contiguous nucleotides from the . 
complement of SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, or SEQ ID 
1 0 NO:9 respectively; 

b) incubating the sample under conditions that allow nucleic acid 
amplification; and 

c) detecting the presence of a nucleic acid molecule in the sample that 
is amplified, thereby identifying the nucleic acid molecule associated with cancer or a 

1 5 disorder characterized by aberrant angiogenesis. 

13. A method of identifying a polypeptide associated with cancer or a disorder 
characterized by aberrant angiogenesis comprising: 

a) contacting a sample (^mprising polypeptides with a 25324, 50287, 

28899, 47007, or 42967 binding partner of the 25324, 50287, 28899, 47007, or 42967 

20 polypeptide respectively defined in claim 4; and 

b) detecting the presence of a polypeptide in the sample that binds to 
the 25324, 50287, 28899, 47007, or 42967 binding partner, thereby identifying the 
polypeptide associated with cancer or a disorder characterized by aberrant angiogenesis. 

14. A method of identifying a subject having cancer or a disorder characterized 
25 by aberrant angiogenesis or at risk for developing cancer or a disorder characterized by 

aberrant angiogenesis comprising: 

a) contacting a sample obtained from the subject comprising nucleic 
acid molecules with a hybridization probe comprising at least 25 contiguous nucleotides of 
SEQ ID NO:l, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, or SEQ ID NO:9, defined in 
30 claim 2; and 
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b) detecting the presence of a nucleic acid molecule in the sample that 
hybridizes to the probe, thereby identifying a subject having cancer or a disorder 
characterized by aberrant angiogenesis or at risk for developing cancer or a disorder 
characterized by aberrant angiogenesis. 
5 1 5. A method of identifying a subject having cancer or a disorder characterized 

by aberrant angiogenesis or at risk for developing cancer or a disorder characterized by 
aberrant angiogenesis comprising: 

a) contacting a sample obtained from the subject comprising nucleic 
acid molecules with a first and a second amplification primer, the first primer comprising at 

10 least 25 contiguous nucleotides of SEQ ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID 
NO:7, or SEQ ID NO:9, defined in claim 2 and the second primer comprising at least 25 
contiguous nucleotides from the complement of SEQ ID NO:l, SEQ ID NO:3, SEQ ID 
NO:5, SEQ ID NO:7, or SEQ ID NO:9 respectively; 

b) incubating the sample under conditions that allow nucleic acid 
1 5 amplification; and 

c) detecting the presence of a nucleic acid molecule in the sample that 
is amplified, thereby identifying a subject having cancer or a disorder characterized by 

aberrant angiogenesis or at risk for developing cancer or a disorder characterized by. 

aberrant angiogenesis. 

20 1 6. A method of identifying a subject having cancer or a disorder characterized 

by aberrant angiogenesis or at risk for developing cancer or a disorder characterized by 
aberrant angiogenesis comprising: 

a) contacting a sample obtained from the subject comprising 
polypeptides with a 25324, 50287, 28899, 47007, or 42967 binding partner of the 25324, 

25 50287, 28899, 47007, or 42967 polypeptide defined in claim 4; and 

b) detecting the presence of a polypeptide in the sample that binds to 
the 25324, 50287, 28899, 47007, or 42967 binding partner, thereby identifying a subject 
having cancer or a disorder characterized by aberrant angiogenesis or at risk for developing 
cancer or a disorder characterized by aberrant angiogenesis. 

30 17. A method for identifying a compound capable of treating cancer or a 

disorder characterized by aberrant angiogenesis or modulating cellular proliferation and/or 
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differentiation characterized by aberrant 25324, 50287, 28899, 47007, or 42967 nucleic 
acid expression or 25324, 50287, 28899, 47007, or 42967 polypeptide activity comprising 
assaying the ability of the compound to modulate 25324, 50287, 28899, 47007, or 42967 
nucleic acid expression or 25324, 50287, 28899, 47007, or 42967 polypeptide activity, 
5 thereby identifying a compound capable of treating cancer or a disorder characterized by 
aberrant angiogenesis characterized by aberrant 25324, 50287, 28899, 47007, or 42967 
nucleic acid expression or 25324, 50287, 28899, 47007, or 42967 polypeptide activity. 

18. The method of claim 17, wherein the cancer or cellular proliferation and/or 
differentiation is lung, breast, or colon cancer and wherein the disorder characterized by 

1 0 aberrant angiogenesis is brain tumor angiogenesis. 

19. A method for treating a subject having cancer, a disorder characterized by 
aberrant angiogenesis or for modulating cellular proliferation and/or differentiation, or a 
subject at risk of developing cancer or a disorder characterized by aberrant angiogenesis 
comprising administering to the subject a 25324, 50287, 28899, 47007, or 42967 

15 modulator of the nucleic acid molecule defined in claim 1 or the polypeptide encoded by 
the nucleic acid molecule or contacting a cell with a 25324, 50287, 28899, 47007, or 
42967 modulator. 

20. Th e method of claim 1 9, wherein the can cer is Jung, _breast,.oncolon cancer- 
and wherein the disorder characterized by aberrant angiogenesis is brain tumor 

20 angiogenesis. 

21. The method of claim 19, wherein the 25324, 50287, 28899, 47007, or 42967 
modulator is 

a) a small molecule; 

b) peptide; 

25 c) phosphopeptide; 

d) anti-25324, -50287, -28899, -47007, or -42967 antibody; 

e) a 25324, 50287, 28899, 47007, or 42967 polypeptide comprising 
the amino acid sequence of SEQ ID NO:2, or a fragment thereof; 

f) a 25324, 50287, 28899, 47007, or 42967 polypeptide comprising 
30 an amino acid sequence which is at least 90 percent identical to the amino acid sequence of 

SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, or SEQ ID NO:10, wherein 
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the percent identity is calculated using the ALIGN program for comparing amino acid 
sequences, a PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 
4; or 

g) an isolated naturally occurring allelic variant of a polypeptide 

5 consisting of the amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, 
SEQ ID NO:8, or SEQ ID NO:10, wherein the polypeptide is encoded by a nucleic acid 
molecule which hybridizes to a complement of a nucleic acid molecule consisting of SEQ 
ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, or SEQ ID NO:9 at 6X SSC at 
45°C, followed by one or more washes in 0.2X SSC, 0.1% SDS at 65°C. 
10 22. The method of claim 19, wherein the 25324, 50287, 28899, 47007, or 42967 

modulator is 

a) an antisense 25324, 50287, 28899, 47007, or 42967 nucleic acid 

molecule; 

b) isaribozyme; 

15 c) the nucleotide sequence of SEQ ID NO:l, SEQ ID NO:3, SEQ ID 

NO:5, SEQ ID NO:7, SEQ ID NO:9, or a fragment thereof; 

d) a nucleic acid molecule encoding a polypeptide comprising an amino 
----- acid sequence which is at least 90 percent Identical to theamino acid sequence of SEQ " 

NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, or SEQ ID NO:10, wherein the percent 
20 identity is calculated using the ALIGN program for comparing amino acid sequences, a 
PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 4; 

e) a nucleic acid molecule encoding a naturally occurring allelic variant 
of a polypeptide comprising the amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ 
ID NO:6, SEQ ID NO:8, or SEQ ID NO:10, wherein the nucleic acid molecule which 

25 hybridizes to a complement of a nucleic acid molecule consisting of SEQ ID NO:l, SEQ ID 
NO:3, SEQ ID NO:5, SEQ ID NO:7, or SEQ ID NO:9, at 6X SSC at 45°C, followed by one 
or more washes in 0.2X SSC, 0.1% SDS at 65°C; or 

f) a gene therapy vector. 

23. A method for evaluating the efficacy of a treatment of cancer, a disorder 
30 characterized by aberrant angiogenesis, or aberrant cellular proliferation and/or 
differentiation in a subject, comprising: 
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treating a subject with a protocol under evaluation; 
assessing the expression level of a 25324, 50287, 28899, 47007, or 42967 
nucleic acid molecule defined in claim 1 or 25324, 50287, 28899, 47007, or 42967 
polypeptide encoded by the 25324, 50287, 28899, 47007, or 42967 nucleic acid molecule, 
5 wherein a change in the expression level of 25324, 50287, 28899, 47007, or 

42967 nucleic acid or 25324, 50287, 28899, 47007, or 42967 polypeptide after the 
treatment, relative to the level before the treatment, is indicative of the efficacy of the 
treatment of cancer or disorder characterized by aberrant angiogenesis. 

24. The method of claim 17, wherein the cancer is lung, breast, or colon cancer 
10 and wherein the disorder characterized by aberrant angiogenesis is brain tumor 

angiogenesis. 

25. A method of diagnosing cancer or a disorder characterized by aberrant 
angiogenesis in a subject, comprising: 

evaluating the expression or activity of a 25324, 50287, 28899, 47007, or 
15 42967 nucleic acid molecule defined in claim 1 or a 25324, 50287, 28899, 47007, or 42967 
polypeptide encoded by the 25324, 50287, 28899, 47007, or 42967 nucleic acid molecule, 
such that a difference in the level of 25324, 50287, 28899, 47007, or 42967 nucleic acid or 
- 25324, 50287, 28899 r 47007, or 42967 polypeptide relative to a ^^normal subject or a cohoft " 

of normal subjects is indicative of cancer or disorder characterized by aberrant 
20 angiogenesis. 

26. The method defined in claim 25 wherein the cancer is lung, breast, or colon 
cancer and wherein the disorder characterized by aberrant angiogenesis is brain tumor 
angiogenesis. 
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Input Eile Fbh25324.seq; Output Pile 25324. trans 
Sequence length 1892 

Xattcnactataqqgyitcg^ 

gaccx3aacgcagcgtccagxixx3gqgagtttcg 

^cacatctcgcggtqgcgttgccagagt^^ 



SEQUENCE ID ^0:1 



MNYARFITA 
CAACCACTSAAGAAGAAGCTTGATGCTT^ ATG AAT TAC. OCA CGG ^iC ATC ACQ GCA 

ASAARNPSPI * *4?W n V m B 0t 1l L S R G 
GOG AGC GCA GCC AGA AAC OCT TCT CCC ATC CGG ACC ATG ACT GAC ATA TTG AGC AGA GGA 

P K S M I SLAGGLPNPNMFPFK 
CCA AAA TOG ATG ATC TCC TTG GCT GGT GGC TTA CCA AAT CCA AAC ATG TTT CCT TTT AAG 

TAVI TVENGKTIQPGEEMMK 
ACT GCC GTA ATC ACT GTA GAA AAT GGA AAG ACC ATC CAA TTT GGA GAA GAG ATG ATG AAG 

RALQYSPSAGIPELLSWLKQ 
AGA GCA CTT CAG TAT TCT CCG AGT GCT GGA ATT OCA GAG CTT TTG TCC TGG CTA AAA CAG 

LQIKLHNPPTIHYPPSQGQM 
TTA CAA ATA AAA TTG CAT AAT CCT CCT ACC ATC CAT TAC CCA CCC AGT CAA GGA CAA ATG 

DLCVTSGSQQGLCKVFEMII 
GAT CTA TGT GTC ACA TCT GGC AGC CAA CAA GGT CTT TGT AAG GTG TTT GAA ATG ATC ATT 

NPGDNVLLDEPAY SGTLQSL 
AAT CCT GGA GAT AAT GTC CTC CTA GAT GAA CCT GCT TAT TCA GGA ACT CTT CAA AGT CTG 

HPLGCNIINVASDESGIVPD 
CAC CCA CTG GGC TGC AAC - ATT ATT AAT GIT GCC AGT GAT GAA AGT GGG ATT GTT CCA GAT 

SLRDILSRWKPEDAKNPQK N 

tcc cta aga gac ata ctt tcc aga tgg aaa cca gaa gat gca aag aat ccc cag aaa aac 

tpkflytvp.sTgnnptgnslt 
acc ccc aaa ttt ctt tat act gtt cca aat ggc aac aac cct act gga aac tca tta acc 

SERKKEIYELARKYDFLIIE 
AGT GAA CGC AAA AAG GAA ATC TAT GAG CTT GCA AGA AAA TAT GAT TTC CTC ATA ATA GAA 

DDLYYFLQFNKFRVPTFLSM 
GAT GAT CTT TAC TAT TTT CTC CAG TTT AAC AAG TTC AGG GTA CCA ACA TTT CTT TCC ATG 

DVDGRVIRADSFSKIISSGL 
GAT GTT GAT GGA CGT GTC ATC AGA GCT GAC TCT TTT TCA AAA ATC ATT TCC TCT GGG TTG 

RIGFLTGPKPLIERVI E,-. H I Q 
AGA ATA GGA TTT TTA ACT GGT CCA AAA CCC TTA ATA GAG AGA GTT ATT TTA CAC ATA CAA 

VSTLHPSTPNQ' LMISQLLHE 
GTT TCA ACA TTG CAC CCC AGC ACT TTT AAC CAG* CTC ATG ATA TCA CAG CTT CTA CAC GAA 

WGEEGFMAHVDRVIDFYSNQ 
TGG GGA GAA GAA GGT TTC ATG GCT CAT GTA GAC AGG GTT ATT GAT TTC TAT AGT AAC CAG 



9 
27 

29 
87 

49 
147 

69 
207 

89 
267 

109 
327 

129 
387 

149 
447 

169 
507 

189 
567 

209 
627 

229 
687 

249 
747 

269 
807 

289 
867 

309 
927 

329 
987 



SEQUENCE ID NO: 2 



K W 



E W 



349 
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AAG GAT GCA ATA CTG GCA GCT GCA GAC AAG TOG TTA ACT GGT TTG GCA GAA TGG CAT GTT 1047 



PAAGMFLWIKVKGINDV.KEL 369 
CCT GCT GCT GGA ATG TTT TTA TGG ATT AAA GTT AAA GGC ATT AAT GAT GTA AAA GAA CTG 1107 



E 



K M 



M 



N 



MDVAFQVLAQLIKESL* 
ATG GAT GTG GCC TTC CAG GTA TTA GCA CAA CTT ATA A^G^TCT^T^ TCA 

AGAAATTAAACTAGGTTGGGCATGGTGGCTCAC^ 

GAACCCAGGi^TTCAAGGCTGCAGTAAQ 

AGAACAAGACICCTGTCTCTAAAAAAAGAGAAAGAAAT^ 

TGTTTTGGCAGGAAGAAATGAACACTG^ 

CAACTAGACACCTTTTAAA 



389 



ATT GAA GAA AAG GCC GTT AAG ATG GGG GTA TTA ATG CTC CCT GGA AAT GCT TTC TAG GTC 1167 

D SSAPSPYLRASFSSASPEQ 409 
GAT AGC TCA GCT CCT AGC CCT TAG TTG AGA GCA TCC TTC TCT TCA GCT TCT CCA GAA CAG 1227 
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0 Alpha, Regions - Garnier-Robson 
a Beta, Regions - Garnier-Robson 



□Turn, Regions - Garnier-Robson 

□ Coil, Regions - Garnier-Robson 

0 Hydrophilicity Plot - Kyte-Doolittle 

■ Alpha, Amphipathic Regions - Bsenberg 

□ Beta, Amphipathic Regions - Eisenberg 

□ Flexible Regions - Karplus-Schulz 



D Antigenic Index - Jameson-Wolf 



□ Surface Probability Plot - Emini 
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Analysis of 25324 (425 aa) 



rsro H4!Wtih5rt£l 5» i no-tr sn_ 2 



Cws III. 



I ' I ' I 1 I ' I 1 I } I 1 I 1 | 1 | 1 | ' | ' | ' | I | ' | ' | 1 | I | 1 J I | 1 | 

1 41 81 121 161 201 241 281 321 361 401 



>25324 

HOTARPITAASAARNPSPIRTMTDIt^RGPKSMISLAGGLPNPNMTPPKTAVlTVEMGKT 

I0FGEEMKKRAIflY3PSAOIPBLI^WUCQLQIKLHNPPTIHyppS(^0«DI^VTSGSW 

LCKVFEMIINPGDIJVLLDSPAVSCri^SLHPLCCNIINVASDESCIVPDSLRDILSRWKP 

EDAKNPQKirrPWLYTVPNGNNPTGNSLTSERTOBIYELARKYDFLIIEDDLYYFLQFNK 

PRVPTPLSMDVDGRVlRADSPSKIXSSCLRICPLTaPKSLIERVILHIQVSTLHPSTFNQ 

LMISQLUiEMGEEGFMAHVDRVIDPYSNQKDAILAAADXia 

KGINDVKELIEEKAVKMta/I^LPCMAPY^ 



Signal Peptide Predictions for 25324 



Method || Predict 


Score 


Mat© 


SignalP (eukaryote) | NO 







Note: amino-termloal 70aa used for signal peptide prediction 



No TM domains predicted by MEMSAT for 25324 



Prosite Pattern Matches for 25324 

Prosite version: Release 12.2 or Februsry 1995 

>£ii222r l «|PDOC00005|PKC_PHOSPHO^SITB Protein kinase C phosphorylation site. 

Query: 170 SLR 172 
Quaryt 190 TPK 192 
Query: 210 ■ SER 212 

>i^n^!PDOC00006|CK2_PHOSPHO_SITE Caeein kinase II phosphorylation site. 

Query; 21 TMTD 24 

Query: 170 SLRO 173 

>iliai|(iii|PDOC00008iMyRiSTn. N-myristoylation site. PJG. 

Query: 116 CSQQCL 121 
Query: 144 CTLQSL 149 
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Query: 200 CWNPTC 205 
Query: 268 CLRICF 273 



Protein Family / Domain Matches, BLMMer version 2 

Searching for complete domains in PPAM 

hrampfam - search a single seq against HMM database 

HMMER 2.1.1 {Dec 1998) 

Copyright (C) 1992-1998 Washington University School o£ Medicine 
HMMER is freely distributed under the GNU General Public License (GPL) . 

™* £i *«* /prod/ddm/seqanal/PPAM/p£am4.3/Pfam 
Sequence^ file : /prod/ddm/wspace /or fanal/oa- script . 27209 . seq 

Query: 2S324 

Scores for sequence family classification (score includes all domains): 
Model ^ r "~ •* * — — 



flffinftTA-n I 



Description 

Aminotransferases class- I 
Aminotransferases class- II 



Score E-value N 



►90.7 
-92.5 



4-le-OS 
0.37 



Parsed for domains; 

Model Domain seq-f seq-t 



aminotran.2 
aminotran_l 



hnon-€ hntm-t 



score E-value 



1/1 
l/l 



10S 
4 



399 
423 



303 fj 
447 [J 



-92.5 
-90.7 



0.37 
4.19-05 



0.37 



Alignments of top -scoring domains: 

aminotrsn_2j domain 1 of 1, froa 105 to 399i score -92.5, E 

*->GltpehveLEnglAe£igkeiallFssGyc*anlgvlptlsra. . . . .y 
+ g+ + ♦ k ♦ ♦ ++G d+ 1 p++s++ ♦ 

25324 105 SQGQMDLCVTSGSQQGLCKVFEMIIMPG-DHVLLDEPAYSCtlqslH 150 

kvsArlisdelnhaslidGirisrakdavfehnDmdsLeJcllreits. . . 
+++Ii ++ ♦ + + ♦ r + +♦+ d +♦ ♦ c++ 
25324 151 PLGCNIIKVASDESGIVP— DSLRDILSRWKPEDA KNPQ-XNTPkf 1 194 

PnnPttvlIvtegvfsmdGdlApLkeLlelakkygalvvVDEAha 

+ +++nnPt + s+ ke++ela+ky*+l+ D+ ♦♦ 

25324 195 ytvpnGNHPT -GNSLTSER KKEIYELARKYDFLIIBDDLYY 234 

vCvyCedgsglael fgdvkypnl vi vgTlSKAf CLAGl rgCyvlgseavi 
+ ♦+ + + + ♦+ +SK + Glr+G+ gf+ *i 
235 FLQF-- MXFRVPTFLSMDVDCRVIRADSFSKIIS-SGLRIGFLTGPKPLI 281 

daLrsvarpfifStslppaalaAl3aslqyikseev 5a 

+++++ St+ p ♦ + + +1 ++ ee+ + ++ ♦ s 

282 ERVILHIQ---VSTLHPSTFNQLMISOLLHEWGEEGfmahvdrvidfySN 328 

- r reel qr 1 vretr 1 i Idarg £ pvadsdsn fVlvrvg tpayda ska 1 a 1 ak 
♦.♦++ + 1 + +++ + . £ ¥ . v + + ^ 4+1 ♦ 
329 QKDAILAAADKWLTGLAEW---HVPAAGMFLWIKVIS GINDVKELIE 371 

kLleehaTqsGviVrainpptv. . . .pkgetsrLR<-* 
+ ♦+ Gv + n++ v+++ p+ LR 
372 EKAVKM GVLHLPGNAFYVdssaPSP— YLA 399 



25324 



25324 



25324 



25324 



aminotran_l: domain 1 o£ 1, from 4 to 423: score -90.7. E = 4.1e-05 
• - > 1 s sma anvshgpgdp i lgwreaf kedprpgkdMpnGvi gvGayepql 
♦ + a+ *+pi ++♦ ♦ p+++ 4 G+ +p + 

4 ARFITAASAAJUIPSPIRTMTDILSRGPKSHIS LAGGLPNP-N 



25324 



25324 



25324 



25324 



2S324 



gkdlvlpavkkaekrlaldregnie.PreikeYlPihGlpefreaiAkll 
+♦+ + av+ e ♦ ♦+ ++ e +♦ +Y P+ G+pe+ ♦ ♦ +1 
45 KFPPKT-AV1TVEMGKTIQFGE — EmMKRALQYSPSAGIPELLSWLKQLQ 91 

£g . arspklk fkrvrv vqt lGGtgAlrlaadf lanpgdgsrgrevl 

+ + P + + + + + + +t+C +++ ^ 

92 IKlHNPPTIHYPPSQGqadlCVTSGSQQGLCKVFEMIIKPGD NVL 136 

vPtPtwpnykrdi f waaGvevivpyhyyKdenn£gld . f eaLeaa iekA. 
♦ * p G *i ♦ e + d++ ♦+♦* ♦♦♦♦ 

137 LDE PAYSGTL -QS LHPLGCHI I -NVASD- - ESG I VPDs LRDILS RWK PEd 182 

. . .peklliXtkvllhnnPhMPTGtdptreqlkkiadwkeknilllsDea 
♦ +P+kH ♦+ ♦ n +NPTG +t e k*i D » 
183 aknPQKNTPKFLYTVPNGNNPTGMSLTSERKKElYELARKYDFLI IEDDL 232 

Yqg f v fgs 1 dedaa s vae Ea e evkeemecngde 1 1 wqS E S Kn EG LyGwR 
Y ♦ £♦ ♦ ♦ v ♦£♦♦♦♦ ♦ ♦ stSK ¥ q n 

233 YYFLQFM KFR-VPTFLSMDVD CRVIRADSF5KI IS -SGLR 270 



FIG. 3b 



. ramySnp 



vCalywnprlgdavisaaakra ceagrvssqlqala. 

♦C+**** p i ++f sql ¥ +f 

271 ICFLTCPKPLIERVlLHIQVSTlhpaTFNQLMtSQLLHEWgeeGFMAHVD 320 
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dEppdhgaei vari 1 errdlf tswleevkCavacripnorlylvrtdLrkll 
25324 321 -RVIDFYSNQW3AILAAADKWLTGLAEW HVPAACMFLW IK 359 

kceddwshiieqegmPsftwiLneeqrVnvspgseFhiye. . .pgwgRisl 
*♦ i* ♦♦♦♦ + + +v tpg* F+<> 4 # + R s+ 

25324 360 VXC INDVKELIEE-KAVKMGVLMLPGNAFWDSsapSPYLRASF 402 

Aglseanveeaaerlra £ vkr< - • 
♦ s ♦ +** a ♦ Jc 
25324 403 SSASPEQMDVAFQVLAQLIKE 423 

// 

Searching for complete domains in SMART 

hmmpCaai - search a single seq against KMM database 

HMMER 2.1.1 (Dec 1998) 

Copyright (C) 1992-1998 Washington University School of Medicine 
HMMER is freely distributed under the GNU General Public License (GPL) . 

HMM file: /ddm/ robison/ smart /smart /smart .all. haans 

Sequence file: /prod/dcWwspace/orf anal /oa-acript. 27209. seq 

Query: 25324 

Scores for sequence famiLy classification (score includes all domains) • 

Description Score E . va i ue N 



Tno hits above thresholds] 
Parsed for domains: 

Model Domain seq-f seq-t hmm-f hmm-t score E-value 

(no hits above thresholds] 

Alignments of top-scoring domains: 
^ (no hits above thresholds] 



ProDom Matches 



Prodomld 


] Start 


End 


Description 


|| Score 


View Prodom 95483 


jl 


109 


ffi.lfilS^SSy^ 1, " KYNURENINE/ALPHA-AMINOADIPATE 
* w ^TRANSFERASE EC 2.6.1.7 KYNURENINE-OXOGLUTARATE 
^NOTRANSFERASE KYNURENTNE AMINOTRANSFERASE 
TRANSFERASE AMINOTRANSFERASE • 




View Prodom 4 156! • 












no 


360 


Pffi£S> AR09(1) 014192(1)// AMINOTRANSFERASE AROMATIC 
AMINO ACID TRANSFERASE II PUTATIVE C56E4.03 PROTEIN _._ 


242 


Vi* w Prndom 23137 


338 


377 


DNA-BINDING ORF 


72 


View Prodora 2223 












365 


424 


p99 2 (24) PMBA(2) TLDD(2) // PROTEIN LONG PMB A TLDD 
MATURATION HOMOLOG CONSERVED MJ023 I ANTIBIOTIC 445AA 


81 


View Prodom 62663 


386 


423 


ffi?JAl2%?y^l K Y NURENI NE/ALPHA- A MI NOA DIP ATE 
AMINOTRANSFERASE EC 2.6.1.7 KYNURENINE-OXOGLUTARATE 
AMINOTRANSFERASE KYNURENINE AMINOTRANSFERASE 
TRANSFERASE AMINOTRANSFERASE 


125 


Prodomld | 


Start 


End 


Description 


Score 



View Prodom 954B3 



>95483 p99.2 (1) Q64602 RAT // KYNURENINE/ALPHA-AMINOADIPATE AMINOTRANSFERASE 
EC 2.6.1.7 KYNURENINE-OXOGLUTARATE AMINOTRANSFERASE KYNURENINE 
AMINOTRANSFERASE TRANSFERASE AMINOTRANSFERASE 
Length = 109 

Score a 402 <146.6 bitu). Expect - 7.9e-38. P « 7.9e-38 
Identities = 76/109 (69%). Positives * 99/109 181%) 



Query: 
Sbjct: 



1 MNYARFITAASAARNPSPIRTHTDILSRGPKSMISLACCLPNPK"H?PFKTAVITVENCKT 60 

MNY*RF*TA S AR SPIR *I*SR PK ♦ISLA C PNP *F?FK>A7 TVENC T 
1 KNYSRFLTATSLARKTSPIRATVEIMSRAPKDIISLAPCSPNPK-/FPFKSAVFTV5NGST 60 



FIG. 3c 
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Query: 61 IQFCEEMMKRALQ YS PS AG I PE LL5WLKQLQ £K U INP PT X HYP PSQGQM 109 

I*F EH fRALQYS S GIP2LLSWLKQLQIKLHNPPT*+Y P++CQH 
Sbjct: 61 IRFECEMFQRALQYSSSYCIPELLSWLKOLOIKtJWPPTVNySPWECQf< 109 



View Prodom 41561 



>41561 p99.2 12) AR09I1) 014192(1) // AMINOTRANSFERASE AROMATIC AMINO ACID 
TRANSFERASE II PUTATIVE C56E4.03 PROTEIN 
Length a 377 

Score = 242 (90.2 bits), Expect » 2.9e-33. Sum p(3> » 2.9e-33 
Identities » 50/137 (36%), Positives = 80/137 (58%) 

Query: 110 DLCVTSGSQQGLCKVPEMIINPGDNVLLDEPAYSCTLQSLHPLCCNIINVAS n E lfil 

♦+ ** 0+ ♦ K P MI N CO ++**E + *Q>* p G I + D+ 
SbjCt: 2 NIIMTCGNNrXTMDKAFRMICNRGDTIMIEBYTFPPAM^ 61 

Query: 1S4 SGIVPOSLRDILSIWKPEDAICNPQKOTPK--FLY^^ 2 21 

„, 0 p+ ♦ *>IL W D P * PK LYT+P G HPTG *L R^+IY+LA* 
SbjCt: 62 FGFDPBYMDDI LDNW - - - DT-C P YGDL PKPHVLYTI PTGQNPTGMTLPQWRREQ I YQLAQ 117 

Query.- 222 KYDFLItEDDLYYFLQF 238 

++DF+2*EDD Wt P 
Sbjcti 118 RHOFIILBODPYYYLYF 134 

Score * 151 (58. 2 bite), Expect - 2.9e-33, Sun P(3) = 2.9e-33 
Identities a 31/74 (41%) . Positives = 46/74 (62%) 

Query: 239 NKFRVPTFLSMDVDGRVIRADSPSKIISSGLRIGFLTGPKPLIERVILHIQVSTLHPSTF 299 
N F + P+FL+-MD DGRVIR D+FSKI ♦ GLR+G+ T I + R ♦ + T «S 

SbjCt: 159 NDFLMPSFLTMDTDGRVIRMDTFSKIFAPCLRI/5HFTANPPFIQRGLDAADTTTRAPSCT 219 

Query: 299 NQLMISQLLHEWGE 312 
♦Q ♦ WGt 

Sbjct: 219 SQGILYAMFKHWGQ 232 

Score o 52 (23.4 bits). Expect = 2.9e-33. Sum P(3) o 2.9e-33 
Identities = 12/51 (23%), Positives a 2S/51 (56%) 

Query: 313 EGFMAHVDRV I DFYSNQKDA I LAAA - - DKWLT -GLAEWHV PAAGMFLWIKV 360 

+C+ * * * L A D+* O f P+ACMF-W 

SbjCt: 247 DGWIRWIKHI RYKYlOiRRNYTLYAMYEDEY Y PKGQCTYMP PS AG MP IWFE I 297 



View Prodom 62663 



P99.2 (1) Q64602„RAT // KYNUREN INEZ ALPHA -AMINOADI PATE AMINOTRANSFERASE 
EC 2.6.1.7 KYTJUREN I HE - -OXOG LUTARATE AMINOTRANSFERASE KYNURENINE 
AMINOTRANSFERASE TRANSFERASE AMINOTRANSFERASE 
Length =40 

Score = 125 (49.1 bits). Expect * 1.4e-07. p * 1.4e-07 
Identities = 24/38 {63%). Positives = 31/38 (Slftl 

Query: 386 AFYVDSSAPSPYLRASFSSASPEQMDVAFQVLAQLIKE 423 

♦F+VD+SAPS RASFS +P QMD* FQ LAQLIKf 
SbjCt: 1 SFFVONSAPSSFFRASFSQVTPAQMDLVFQRLAQLIKD 38 



View Prodcm 2223 



Length =301 

Score a 81 (33.6 bits), Expect - 1.5. P » 0 77 
Identities = 24/63 (38%) , Positives « 35/63 (5S%) 

Query: 365 DVKELiEE^VWc^^ <n 

KA*KM ♦ p ♦ V *SA PY A S PP *.rni *.\t r 

Sbjct: 53 DIKEAVE-KALKMAKVSSPDDKEPW^ 109 

Query: 422 KES 424 
KE+ 

Sbjctt 110 KEA 112 



FIG. 3d 
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View Pcodom 23137 



>2313? p99.2 (3) DPOL 12 ) Q38032U) // DMA POLYMERASE TRANSFERASE DMA-DIRECTED 
REPLICATION HYDROLASE EXONUCLBASE DMA-BINDING ORP 
Length ■ 260 

Score « 72 (30.4 bits), Expect □ 12., pa 1.0 
Identities = 17/40 (42%). Positives = 20/40 (50%) 

Query: 338 DfWLTGLAEWHVPAAGMFLWIKVKGINDVKELIEEXAVKM 377 

DKWL EWH AA ♦ KV DV E +EE K* 
Sbjct: 122 DKWLREQBEWHAYAAAEWGVDKVNSGEDVAEALEEMGEKL 161 



FIG. 3e 
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Input file Fbh50287Fl.seq; Output File 50287. trans 
Sequence length 1001 



GGAGCrGTTGCXGCTTC^ SEQUENCE n> jjq.^ 

TGAAQCCCX^TCX^KATCCGGTGCTC 



M KPDETPMFDPSL 13 u^ut^CE Tn 

GQCCTCTACKGACYTTACTAGAAAA J^G AAA OCT GAT v3AA. ACT CCT ATG TTT GAC CCA ACT CTA 39 IID: 4 

IiKEVDWS.Q " . t ATFS. PAISPT 33 
CTC AAA GAA GTG GAC TGG AGT CAG AAT ACA GCT ACA TTT TCT CCA GCC ATT TCC CCA ACA 99 

HPGEGLVLRPLCTADLNRGP 53 
CAT OCT GGA GAA GGC TTG GTT TTG AGG CCT CTT TGT ACT GCT GAC TTA AAT AGA GGT TTT 159 

FKVLGQLTETGVVSPEQPMK 73 
TTT AAG GTA TTG GGT CAG CTA ACA GAG ACT GGA GTT GTC AGC CCT GAA CAA TTT ATG AAA 219 

SFEHMKKSGDYYVTVVEDVT 93 
TCT TTT GAG CAT ATG AAG AAA TCT GGG GAT TAT TAT GTT ACA GTT GTA GAA GAT GTG ACT 279 

LGQIVATATLIIEHKFIHSC113 
CTA GGA CAG ATT GTT GCT ACG GCA ACT CTG ATT ATA GAA CAT AAA TTC ATC CAT TCC TGT 339 

AKRGRVEDVVVSDECRGKQL 133 
GCT AAG AGA GGA AGA GTA GAA GAT GTT GTT GTT AGT GAT GAA TGC AGA GGA AAG CAG CTT 399 

GKLLLSTLTLLSKKLNC YK I 153 
GGC AA^ TTG TTA TTA TCA ACC CTT ACT TTG CTA AGC AAG AAA CTG AAC TGT TAC AAG ATT 459 

TLECLPQNVGFYKKFGYTVS 173 
ACC CTT GAA TGT CTA CCA CAA AAT GTT GGT TTC TAT AAA AAG TTT GGA TAT ACT GTA TCT 519 

EENYMCRRFLK* 185 
GAA GAA AAC TAC ATG TGT COG AGG TTT CTA AAG TAA 555 

SEQUENCE ID NO; 12 1 

AAATCTTGTAAGAAAATTG^ 

AGCCGAGTGACCTCCATAAATACTGGACTGAAAA 
GGGCTGGTGGGACATGCTGTGAATTT^ 
TTTAACTTGAAAAAAAAAAAAAAAGG 



FIG. 4 
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■ Alpha, Amphipathic Regions - Eisenberg 

□ Beta, Amphipathic Regions - Eisenberg 

□ Flexible Regions - Karplus-Schulz 



O Antigenic Index - Jameson- Woff 



O Surface Probability Plot - Emlni 
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Analysis of 50287 (184 aa) 





i > Wirt mrfrjlh 










c«, 


1 1 1 


1 1 1 


Tfl 


BCD 




0 3 una 






| > | i | . | . | . , . | , | 
1 41 81 121 


MM 
161 



>S02B7 

HKPDETPVJn3PSLLKE\fl>^QOTA.TFSPAISPTHPG2 

TETT^SPBQPMKSraHKKKSGDYYVTVVEDVTLGQIVATATLI IBHKFIHSCAKRGRVE 

EVWSDIXRGKQLGKLLI^TLTLLSKKUrcYXITI^LP^ 

RFLK 



Signal Peptide Predictions for 50287 



Method 


Predict 


Score II Mat® 6 


SignalP (eukaryote) 


NO 







Note: omino-termmal 70aa used for signal peptide prediction 



Transmembrane Segments Predicted by MEMSAT 



Start 


End| Orient 


Score 


84 | 


105 ||out->ins 


0.3 



MKPDETPMFD PS LLXEVDWSQNTATFS PAI SPTHPGEGLVLRPLCTADLNRGFFJCVLGQL 
TETCWSPE$FM«7EKMacSCDY\\^^^^ 

DVWSDECRGKQU3XLLLSTLTLLSKKUCYKITLECLPQNVGPYKKFGYTVSEENYMCR 



Prosite Pattern Matches for 50287 

Prosite version: Release 12.2 of February 1995 

>f£ay£fli|PDOC00005|PKC_PHOSPHO>SlTE Protein kinase C phosphorylation site. 
Query: 145 SKK 147 

>£5fifi^|PDOC00006lCK2.PKOSPHO.SJTB Casein kinase II phosphorylation site. 

Query; 87 TWE 90 

Query: 171 TVSE 174 

>£2l^ailPDOC00008|MYRISTYL N-myristoylation site. 
Query: 95 GQIVAT 100 



FIG. 6a 
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Protein Family / Domain Matches, HMMer version 2 

Searching for complete domains in P?AM 

hmapfaa - search a single acq against KMM database 

HMMER 2.1.1 (Dec 1998) 

Copyright |C) 1992-1998 Washington University School of Medicine 
HMMER Is freely distributed under the GNU General Public License {GPL) . 

HKM tile: /prod/ddm/s«qarial/PFAM/pfajn4 . 3/Pfam 

Sequence file: /prod/ddm/vspace/orfanal/oa-script. 4862. seq 

Query: 30287 

Scores for sequence family classification (score includes all domains): 
Model Description Score B-value N 



Acetyl r fan a f Acetyl transferase (GNAT) family 

hmm-f hnun-t 



Parsed for domains: 

Domain seq-f seq-t 



2B.3 0.00017 
score E-value 



Acetyl transf 1/1 



41 171 



1 133 (J 28.3 0.00017 



alignments of top-scoring domains: 

Acetyl tr ana £: domain 1 of 1. from 41 to 171: score 28.3, E = 0.00017 

• - > i rrvt eeDlpa 1 1 el lrea f a eey 1 eekkypdedel e . dpvkki i aa 

♦r+++++Dl ♦ «-e+ p+ ♦ + +♦ kk + 

50287 41 LRPLCTADLNRGFFKVLGQLTBTGV VSPEQFMKSf EHMKKSGDY 84 

agrlfweedCelvGyatlrpdddene. . . .vaeieriaVdpdyrgkGlQ 

♦ +4 ♦ G++v*+atl ♦ ♦ ++♦ +e++*V+ ♦ rgk 1G 

50287 85 WTWEDVTLGQ IVATATLI I EHKFIHscokRGRVEDVWSDECR3KQ LG 134 



50287 



WcLlealieqarevrgasgiylvtdegMepAialYe)ciaPt<-» 
k LI +1 *-l++ ♦ N +>Y+k G*t 
135 KLLLSTLTLLSKK- LUCYKITLECLPQNV GFYKKFGYT 171 



// 

Searching for complete domains in SMART 

hmmpfatn - search a single seq against HKM database 

HMMER 2.1.1 (Dec 1998) 

Copyright (C) 1992-1998 Washington University School of Medicine 
HMMER is freely distributed under the GNU Ceneral Public License (GEL) . 



HUM file: 
Sequence file: 



/ddm/robison/fitaart/smart/snvart. all .brans 
/prod/ddm/wspace/or £anal/oa-script .4862 . seq 



Query: S0287 

Scores for sequence family jclassif i cat ion_.( score .includes _all domains) : 

Model Description Score E-value N 



(no hits above thresholds I 



Parsed for domains: 

Model Domain seq-f seq-t him- 1 hmm-t 



score E-value 



{no hits above thresholds) 

Alignments of top-scoring domains : 
[no hits above thresholds) 

// 



ProDom Matches 



Prodomld 


Start 


End 


Description 


Score 


View Prodom 76091 


22 


81 


p99.2 (I) Q17427_CAEEL // HYPOTHETICAL 18.5 KD 
PROTEIN B0024.I2 IN CHROMOSOME V HYPOTHETICAL 
PROTEIN 


90 


Prodomld 


Start 


End 


Description 


Score 



76091 



>76091 p99.2 (1) Q17427^CAEEL // HYPOTHETICAL 18.5 KD PROTEIN B0024.12 IN 
CHROMOSOME V HYPOTHETICAL PROTEIN 
Length =65 



FIG. 6b 
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Score - 90 (36.7 bits). Expect = 0.00012. P = 0.00012 
Identities - 20/60 (33%). Positives « 33/60 (55%} 



Query: 22 NTATPSPAIS PTH rcEGLVLRPLCTADLNRGFFKVLGQ LTETGWS PEQFMKS FBHMKKS 81 
cm-* * * * RPL D **&+ *L QLT G ♦ E F K FB M* <: 

Sbjct: 6 DASV^PHI-PSNLPDMPICVTU.LAICDDFSKGYVDL 64 



FIG. 6c 
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Input file Ffch28899Fl.seq; Output Pile 28899. trans 
Sequence length 1832 



:gacgagcaggtgcxxxxxxx^tcca 



GGCTTOTCCAGCCGGAAGCCCTGAGGGC^^ 



CGAGGGGCCGTGCACCCGCTCC^^ ^TG GGC CTG CTG GOC TIC CTG AAG ACC CAG TTC 

SEQUENCE ID NO: 13 

VLHLLVGFVFVVSGLVINFV 
GTG CTG CAC CTG CTG GTC GGC TTT GTC TTC -GIG GTG ACT GGT CTG GTC ATC AAC TTC GTC 

QLCTLALWPVS KQLYRRLNC 
CAG CTG TGC ACG CTG GCG CTCTGG CCG GTC AGC AAG CAG CTC TAG CGC CGC CTC AAC TGC 

RLAYSLW.SQLVMLLEWWSCT 
CGC CTC GCC TAC TCA CTC TGG AGC CAA CTG GTC ATG CTG CTG GAG TGG TGG TCC TGC ACG 



I1LNHNFEIDFLCGWTMCER 
ATC ATC CTC AAC CAC AAC TTC GAG ATC GAC TTC CTC TGT GGG TGG ACC ATG TGT GAG CGC 



F 



V 



FRGNKNPSLLGILYGKKYEA 
TTC AGA GGA AAC AAG AAC CCG TCC CTG CTG GGG ATC CTC TAC GGG AAG AAG TAC GAG GCG 

DMCVRRFPLEDIPLDEKEAA 
GAC ATG TGC GTG AGG AGA TTT OCT CTG GAA GAC ATC CCG CTG GAT GAA AAG GAA GCA> GCT 

QWLHKLYQEKD. ALQEIY.NQK 
CAG TGG CTT CAT AAA CTG TAC CAG GAG AAG GAC GCG CTC CAG GAG ATA TAT AAT CAG AAG 



11 

33 

31 
93 

51 
153 

71 
213 



ECTLFTDQATVERFGKEHAV 91 
GAG TGT ACA CTG TTC ACG GAC CAG GCC ACG GTA GAG CGC TTT GGG AAG GAG CAC GCA GTC 273 



SGSPLLILTFLGFVGAASFG 
AGC GGA TCA CCT CTC CTG ATC CTG ACT TTC TTG GGG TTT GTG GGA GCA GCT TCC TTT GGA 



111 

333 



GS SKVLAKKELL'YVPL 131 
TTC GGA GTG CTG GGG AGC TCC AAG GTC CTC GCT AAG AAA GAG CTG CTC TAC GTG CCC CTC 393 



IGWTWYFLEIVFCKRKWKED 
ATC GOC TGG ACG TGG TAC TTT CTG GAG ATT GTG TTC TGC AAG CGG AAG TGG AAG GAG GAC 

RDTVVEGLRRLSDYPEYMWF 
CGG GAC ACC GTG GTC GAA GGG CTG AGG CGC CTG TCG GAC TAC CCC GAG TAC ATG TGG TTT 

L L YC EG T R F T ETK HRVS M EV 
CTC CTG TAC TGC GAG GGG ACG CGC TTC ACG GAG ACC AAG CAC CGC GTT AGC ATG GAG GTG 

A -A A K G L P- V L K Y H L L P R T K G F 
GCG GCT GCT AAG GGG CTT CCT GTC CTC AAG TAC CAC CTG CTG CCG CGG ACC AAG GGC TTC 

TTAVKCLRGTVAAVYDVTLN 23^ 
ACC ACC GCA GTC AAG TGC CTC CGG GGG ACA GTC GCA GCT GTC TAT GAT GTA ACC CTG AAC 693 



151 
453 

171 
513 

191 
573 

211 
633 



251 
753 

271 
813 

291 
873 



GMFPGEQFK PARRPWTLLNF 311 

GGC ATG TTT CCA GGG GAG CAG TTT AAG CCT GCC CGG AGG CCG TGG ACC CTC CTG AAC TTC 933 

LS WATI LLS PLFSFVLGVFA 331 

CTG TCC TGG GCC ACC ATT CTC CTG TCT CCC CTC TTC AGT TTT GTC TTG GGC GTC TTT GCC 993 



351 
1053 



HO:5 



SEQUENCE ID NO: 6 



FIG, 7a 
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VRRLIGVTEI EKG S SYG NQ e 371 
GTT CGC AGA CTG ATA GGA GTA ACT GAG ATA GAA AAA GGC TCC AGC TAC GGA AAC CAA GAG 1113 

F K K K E * , 77 



AGACAATTAGAAftCTATTTTTCTTATTAACTGGTGA^ 

GCCTGTCAGGTGAAGTCTTCAACCTCCCACAN 

CGGCCGGARAGGCCTTCCGCGGACGCCGTYTI^^ 

TTAMCTTAMWCAAATTTTTTGGTTT^ 

CCCCGCCXXCGAAACTGTC^^ 

ATCGCTCGGOTMCACCTTGGCTTCCAGTG^ 




377 
1131 



FIG. 7b 
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A 
A 
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I I WWW -«HM H HB I 1 I— 

m wm — B-tf — t-wsi mm 1 



-H — DO — EH 



— 

-0 — IH DfH 1 — 




H Alpha, Regions - Garnier-Robson 

D Beta, Regions - Garnier-Robson 

i. Anions - CtKu-F^nan 
□Turn, Regions - Gamier-Robson 
sSTurn. R^j-otis • Cnoij-Fp.sman 
OCoil, Regions - Garnier-Robson 

□ Hydrophilicily Plot - Kyte-Doolittle 



■ Alpha, Amphipathic Regions - Eisenberg 
□ Beta, Amphipathic Regions - Eisenberg 
O Flexible Regions - Karplus-Schulz 



□ Antigenic Index - Jameson-Wolf 



□ Surface Probability Plot - EminJ 



50 75 10Q 125 150 175 2 fjQ 225 250 275 300 325 AlF 



FIG- 8 
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Analysis of 28899 (376 aa) 



PFWt 



no HUM hit* flcy I transferase 



Cvs 

out 
TIT 



I I II II II | | 



I ' I 1 I 1 I 1 I 1 | 1 I 1 | 1 | ■ | 1 | ' | • | « | ' | I | • | I | I | I 

1 41 81 121 161 201 241 281 321 3S1 



>2SS99 

!ELLAFIXTQF\XHLLVGFVFWSGLVINFVQLCTLALW^ 
LWLBWWSCTECTLFTDQATVERFGKEHAVIIUn^ 
l^K£LLW?LIGWTWFLEIVFCKRXWX£DRI?IW 
"FETKHRVSMEVAAAKGLPVTJCTltl^PRTKGFTTAV^ 

LYGKKYEADMCVRRF PLEDI PLDEKEAAQWLHKLYQEKDALQE lYNQKCMFPGECPK 
PARRPWTLLNFLSWATI LLS PLTSFVLGVFASGS PLLILTFLCFVGAASFGVSRL IGVTE 
IEXGS S YCNQEFKKKE 



PSORT Prediction of Protein Localization 

MITDISC: discrimination of mitochondrial targeting seq 
R content: 3 Hyd Moment <7S) t 6.35 

Hyd Moment (95) : 5,12 G content: 3 
D/3 content: 1 s/T content! 6 

Score: -1.96 

Gavel: prediction of cleavage sites for mitochondrial preseq 
R-2 motif at 62 CRL|AY 

N3CDISCt discrimination of nuclear localization signals 
pat4: none 
pat7: none 
bipartite: none 

content of basic residues: 12.2* 
NLS Score: -0.47 

ER Membrane Retention Signals: 

KKXX-like motif in the C- terminus: FKKK 

Final Results (Jc a 9/23): 

66.7 %: endoplasmic reticulum 

22.2 %> nuclear 

11.1 %: mitochondrial 

prediction for 28899 is end |Jc=9) 



Signal Peptide Predictions for 28899 

Method || Predict |fs 
nalP (cukaryote)|[YESi ^ 



Score 


Mat® 




26 



Note: amino-terraina! 70aa used for signal peptide prediction 



Transmembrane Segments Predicted by MEMSAT 



FIG. 9a 
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Start 


End 


| Orient 


| Score P 


15 


39 


| out->in$ 


|4.6 | 




69 


| ins-xxit 


!0.4 j 


126 | 


144 


out-->ins 


T7 II 


306 j 


329 


ins—>out 


35 1 


336 | 


352 j 


out->ins j 


3.6 | 



V28899 

MGL LAFLKTQ FVLH LLVG P/FV/SGLV n.^'O LiC TLTiv/PVSKQLYWlLNCRLA YS LWSn 
kVHLLSWfSCTECTLFI^ATVERFGKEHAVI ILNHNFEI DFLCGWTMCERFGVLGSSKV 
LAKKELL iT? L I GVfTOYF LEI VFCKRKVKEDRDTWEG LRR LSDY PEYMYfFLLYCEGT RF 
TETKHRVSMEVAAAKG LPVLKYHLL PRTKQFTTAVKC LRGTVAAVYDVTLNFRGNKN PS L 
LGI LYGKXYEADHCVRRF PLEDIP LDBXEAAQWLKKLYQ BKDALQE I YMQKCKF PCEQPK 
PARRRm,IiJFLStfATILLSPLFSFVLGVPASGSPI,LILT^ 
IEKGSSYGBOEFKKKE 

Transmembrane segments for presumed mature peptide 



Start 


End) Orient 


Score] 


28 


44 | ins~>out 


0.4 | 


101 


119 |out->ins 




281 


304 Jins->out|3.9 j 


311 


327 |out->in5||3.6 j 



>28899jmature 

X.VINPV1Q LCTLA LWPVSKQ LYRRLIJCRLA Y S LWS Q 'J7H L LEV/WSCTECTLPTDQATVERP 
GKEHAVI ILNHN7EIDFLCGWTMC ERFGVLGS SKVLAKKE L LY7 FLI GyTv<YFL S IV^CK 
IQCWKBDRDTVVEGtiRRLSDYPEYMWFLLYCEGTRFTETKHRVSNEVAAAKOLP^ 
PRTKGFTTAVKClJlCnVAAVYDVTLNFRCHnQJPSLI/SlLYGKKYEADMC^^ 
DEKEAAQWLHKLYQEXDALCEIYKQKGMFPGEQFKPARRPWTLLNFLSWATILLSPLES" 
VLCVPAS G S PLL I IT? LG FVGAAS FGVRRLI GVTE I E KGSSYGNQEF KXK B 



Prosite Pattern Matches for 28899 

Prosite version: Release 12.2 or February 1995 

>i!£iIim|p D OC000a4|CAMP^PHO S PHO. S ITE cAHP- and cCMP- dependent protein kinase phosphorylation site. 
Cueryf 160" " RRLS 163 

>£5JliiPjI5 1 PDOC00005 1 PKC_PHOSPHO_SITE Prot-in kinase C phosphorylation site. 
Query: 117 SSK 119 

>£2ia«iC^|pDoC00006|CK2_PKOSPHO_siTE Casein kinase II phosphorylation site.. 

Query t 69 SCTE 72 

Query: 107 TMCE 110 
Query: 154 TWE 157 
Query: 359 TBIE 362 

>P^I«0noj|PDoc00007|TYR_.PKOSPHO - SITE Tyrosine kinase phosphorylation site. 

Query: 160 RRLSDYPEY 168 

>£^£fi£|pDOC00C08|MYRISTYL N-myristoylotion site. 

Query: 25 GLVTNP 30 

Query: 113 CVLGSS 118 

Query: 177 GTRFTE 182 

Query: 220 GTVAAV 225 FIG. 9b 
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Queryi 


242 


QILYGK 


247 


Query: 


292 


GMFPGE 


297 


Query: 


328 


GVFASG 


333 


Query: 


364 


GSSYGN 


369 



>2SflCaO3t!PDOC000O9|AMIDATIOM Amidation site. 
Query: 245 YGKK 248 



Protein Family / Domain Matches, HMMer version 2 

Searching for complete domains in PFAM 

hmmpfeua - search a single seq against HKM database 

HMMER 2.1.1 (Dec 1996) 

Copyright {C) 1992-1998 Washington University School of Medicine 
HMMER is freely distributed under the GNU General Public License (GPL) . 

HMM file: /proa/ddm/seqanal/PFAM/pfam4.4/Pfam 
Sequence file: /prod/ddm/wspace/orfanal/oa-ecript.8797.eeq 
Queryi 28899 

Scores for sequence family classification (score includes all domains): 
Model Description Sc0 re E-value H 



28899 



h£Zl£W3lBI&&2 Acyl transferase 30.2 l.le-OS 1 

Parsed for domains: 

Domain seq-f seq-t hwm-f hmra-t score E-value 

Acyltransf erase 1/1 82 28S . . 1 "l*95 I) ~30?2 Tie-OS 

Alignments of top-scoring domains: 

Acyltransf erase t domain 1 of 1, from 82 to 285: score 30.2, B - l.le-05 
*->lenlpkkgpaiwsNHrSylDilvlsaalprrgpvlvrrlvfiakke 
oqooo o ♦ k** a44+ NH +D1-1+ 4 ♦ r g +* + okke 

2BB99 82 VERPGKEH-AVIILNHNFEIDPLCGWTMCERFG — VLGSSKVLAKKE 125 

1 1 kv PI 1 fGW Imr 1 aga i f idRnn r akdala a ade 1 vrvlel 1 r Jt gr svl 
11+vPl *Gw 4 4 +f + +R++ k++* +*fe r+1 + ♦ 
28899 126 LLYVPL- ICWTWYFLEIVFCKRKW- -KEDRDTWEGLRRLS- -DYPEYMW 170 

iF. . PEGTRsrsgellppf KkGiaaf rlAlkagvpivPvvivsgteelep 
+ EGTR44+ 4++ 4a + ++t+ ♦ 

171 FLlyCEGTRFTETKHRV - SMEVAA - AKGL PVLK YHLLPRTK-GFTTAVKC 217 _. 

kneagklLrlarkkgpvtvrvlppipld 

+ * ♦ +vt+*+ 44 ♦ ♦ + 

28899 218 LR GTVAAVYDVTLNFRGNKNPSllgi lygkky eadmcvrrf pi e 261 

. .pedikelaerlrdilvqaloel<-* 
♦ p d ke a++l+++f 4* 44 
28899 262 diPLDEKEAAQWLHKLYQBKDALQ 285 

// 

Searching for complete domains in SMART 

hmmpfam - search a single aeq against HMM database 

HMMER 2.1.1 (Dec 1998) 

u22 rl ? ht (C) 1992 " 199e Washington University School of Medicine 
HMMER xs freely distributed under the GNU General Public License (GPL) . 

J™ flle: /ddn/robison/smart/smart /smart. all. hrnrns 

sequence file: /prod/ddm/vspace/orf ana 1/oa-script. 8797. seq 

Queryi 28899 

Scores for sequence family classification (score includes all domains): 

Score E-value N 

I no hits above thresholds] 
Parsed for domains: 

Model Domain seq-f seq-t hmm-f hmm-t score E-value 



(no hits above thresholds) FIG. 9c 

Alignments of top -scoring domains: 
^ (no hits above thresholds) 
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ProBom Matches 



Prodomld 



View Ptodon, 38030- 



View Prodom 4009 



View Prodom 114625 



View Prodom 5739 



View Prodom 22625: 



View Prodom 123477 



View Prodom 101539 



Prodomld 



Start 



28 



64 



End 



62 



219 



116 333 



191 298 



222 8318 



Description 



P99.2 (2)Q40119(1) Q41745C1)// ACYLTRANSFERASE PUTATIVE 

^NS^RASEI-ACYL-SN-GLYCEROLO-PHOSPHATE 

1 - AC YL-GLYCEROL-3-PHOSPHATE 



n^^^^^ 3 ^" 08 "^ PUTATlVECOSMIDHGl-GIPl 



P9 9 ; 2 xr y)CTO^YEAST// COPPER TRANSPORT PROTEIN CTR3 
TRANSPORTER 3 TRANSMEMBRANE 



l 9 £l^8£°^^2J?2Z COSMIDZK40 REGION T05H4.. 
F55A11.5 0RF:PZF396FIG1-GIP1 INTERGENIC TRANSMEMBRANE 



n . >992 (1) O01783_CAEEL // SIMILAR TO 

257 338 ^CYL-GLYCEROL-3-PHOSPHATE ACYLTRANSFERASES 
H TRANSFERASE ACYLTRANSFERASE 



306 364 



Start H End 



p99.2 (1) O80923_ARATH // F13M22.3 PROTEIN 



Description 



View Prodcsa 40C9 



Score I 



75 



231 




>4009 p99.2 (14) Y3P2J2) // ACYLTRANSFERASE PROTEIN TRANSFERASE 

X-ACYL-GLYCEROL-3 - PHOSPHATE 1-ACYL-SN-GLYCEROL- 3-PHOSPHATE PUTATIVE 

— COSMIO.PICl-GIPl- INTERGENIC REGION - " 

Length = 172 

Score = 231 (86.4 bits). Expect * l,4e-19, P * 1.4e-19 
Identities - 5S/172 (31%). Positives « 94/172 (54%) 

Query: 64 LLEWrfSCTECTLPTDQA-TVBRFGK-EHAVIILNH^ i l8 

** W * * D T ♦ GK E+A+4-I NH + * R G LG + + 

Sbjct: 1 VIEWLAGVKVYMYGDDIETYNKTGKDEKAI LICNHQSYUJWIFLWWIAYRSG-LGANTYW 59 

Query: 119 KVLAKXELLWPLIGWTWFLEIVFCKRKWKEDRrTVVEGL RRLSDYPE 167 

K *+ « L Y+P++GW fp +R L +RL+* ♦ 

Sbjct: 60 KIILWCSLKYIPVI/GVTCMRNHGYIPLERNWEKDK^ 119 

Query: 168 YMWFLLYCEGTRFTETKHRVSMEVAAARGLPVLKYHLLPRTKGFTTAVKCLR 219 

. W +L+ EGT ♦ K SEA GLP L+ LLPRT G A+* *R 

5C3Ct; 120 PYWLI LFPEGTNLSAKKREKSQEYAEKNGLPPLQNVLLPRTGGUCYALEKHR 171 



View Prodom 5739 



>5739 Q23087t2 > " PROTEIN COSMtD 2*40 REGION T0SH4.1 F5SA11.S 

0RF:PZP396 FIOl-GIPl INTERGENIC TRANSMEMBRANE 
Length =134 

Score = 128 (50.1 bits), Expect - 4.8e-08, P « 4.8e-08 
Identities » 38/110 (34%), Positives « 61/110 (55%) 

Query: 191 VAAAKG L FVLKYH LLP RTKG FTTAVKC LRG TVAAVYDVTLNFRCNXN PS L LC I L YGK KYE 250 

V A K P -HCY ♦ T G+ A+ V ♦ D* L ♦ LG* Y K E 

Sbjct: 3 VQAMKKAFYIKY- IYDVTIC YPDAI VQSEADLILCL* KIFLGV-YFK- -E 48 tflG 9d 

Cueryj 251 ADMCVRRFPLEDI PL- DEKEAAQWLHX LYQ EXDALQEI YNQKGHF - PGEQ 298 
♦ +R++P*E+*PL DE E L+*EKD L E ♦ ♦ G P PGE* 
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Sbjct: 49 VNIHIRKYPIBEVPLEDEBELSBWLYDLWKEXOKLLERFYETGSFKPGEK 98 



Viev Prodom 22625 



>22 " 5 fl£r { H ££ll£\ Q4 ° ll9U> Q 417 ««l» // ACYLTKANSFERASE TRANSFERASE 
l-ACYL-SN-GLYCEROL-3-PHOSPHATE PUTATIVE 1-ACYL- GLYCEROL- 3 -PHOSPHATE 
Length ** 1S8 

Score = 126 {49.4 bits). Expect = 7.9e-08, P = 7.9e-08 
Identities = 29/99 {29%). Positives = 53/99 {53%) 

Query: 222 VAAVYDVT LNF- RGNKNP S LLG I LYGKXYEACMCVRRPP L BE I P LDE KEAAQWLHXLYQE 280 

V A+YD T+ f ♦ p++ L + G+ + ♦♦R 4+D+P * * AQW * 

Sbjct: 2 VPAIYDTTVMPXDSPQPTmJU^GQSSVVHV^ 61 

Query: 281 XDALQEIYKQXGKPFGEQFKPARRPW-TLLNFLSWATIL 318 

KDAL ♦ + F GE+ +P RP *LL L W+ *L 
Sbjct: 62 KDALLDKH1ATDTFEGEEVQPIGRPVKSLLVTLFWSCLL 100 



View Prodom 38030 

>3B03 ° flL 'ci 2^ l ii 1, , Q41745<1) " ^TRANSFERASE PUTATIVE TRANSFERASE 
1 -ACYL- SN-GLYCEROL-3 -PHOSPHATE 1 -ACYL-CLYCEROL-3 - PHOSPHATE 
Length = 38 

Score - 75 {31.5 bits). Expect = 0.027, P = 0.027 
Identities «= 17/36 (474), Positives » 23/36 (63%) 

Query: 28 XNFVQ- LCTLALWPVSXQLYRRLNCRLAYS LWSQLV 62 

+NF+Q ♦ ♦ + P SK YRR*N LA LW QLV 
Sbjct: 2 VNFIQAVFYVTIRPFSKDFYRRINRFLAELLWLQLV 37 



View Prodom 123477 

>123477 p99 2 (1) C01783_CAEEL // SIMILAR TO l-ACYL-GLYCBROL-3- PHOSPHATE 
ACYLTRANSFERASES TRANSFERASE ACYLTRANSFERASB 
Length = 160 

Score. * 79 (32.9 bits). Expects -0.52/ P * 0 41 

Identities * 24/87 (27%), Positives = 44/87 (50%) 

Query: 257 Wlediploekeaawlhxlyqekdal-qeiy^^ 315 

R P+ * ++P * B H Y*+K G TL * L 

Sbjct: 66 RlPIDFA^KAKLELRTWTIERFTKKrailDEFYSEKPS-TCSALPCVPISQTLPSTLFFS 124 

Query: 316 TILLS PLFSFVLG-VPA---SGSPLLI 338 

LL+P FS 4G ♦ SPLLI 

Sbjct: 125 AALLAPFFSRTICRIYLLTIASSPLLI 151 



View Prodom 114625 



>11462S ?^ N L^R^ E °- YEAST " C0PPER TRANSP0RT PR0TSIN C ™ TRANSPORTER 3 
Length a 166 

Score » 76 (31.8 bits). Expect » 0.60, Sum P(2) = 0.45 
Identities » 13/36 (36%), Positives = 19/36 (52%) 

Query: 116 GSSKVLAKXELLYVPLIGtmOTLEJVFCKRKWXED 151 

GSS AKK ♦ ++ w NY ++ F R W+ D 
Sbjct: 5 GSSSTAAKKATCKISML-WNWYTXDTCFXARSWRND 39 

Score » 37 (18.1 bits). Expect o 0 .60. Sum P{2) » 0.45 
Identities » 8/21 {38%). Positives a n/ 2 l (52%) 

Query: 313 SWATILLSPLFSPVLGVFASG 333 

Sw f l*S SP+ ♦ g _ 
Sbjct: 113 SWKTTLISLQKSFIYSFYVHC 133 ritr * 9e 
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View Prodom 101539' 



>101539 p99.2 (1) O80923_ARATH // F13M22.3 PROTEIN 
Length = 125 

Score «» 73 (30.8 bits). Expect - 1.2, P a 0.69 
Identities » 22/61 (36%),. Positives b 31/61 (50%) 

Query: 306 WTLLNFLSWATILWPLFSFVL^ 363 

WTL L+ A I L*P F+FV +F S S ♦ +G G4 S G G ♦ E+E 

Sbjct: 33 WTLFLTLTVAIISLAPEFAFVSAIFPSSSEVFSRRHIGSAGS - S LGGLVFTGESFPEVED 91 

Query: 364 G 364 
G 

Sbjct: 92 G 92 



FIG. 9f 
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Input file Fbh47007Fl.seq; Output File 47007. trans 
Sequence length 5426 



AGAGTCTCACTCXCTCACC^ 

CC^TTCTCCTGCCTCA^^ 

AGCAGAGACGGGGTTTCACCATC^ 

TTGCraGGCTGGTCTOSAACT^^ 

GAGCCACCGCACCCTGGCCTGCTAATGT^^ 

TAAGTACATTCTAGGGTCCX^^ 

*rTTCAAACGGTGGGAATCGAGACCT^ 

C^TAAGCXXrCTCCAC^ 

TCTCTACTCCXGGAAACGCGCAGCGG^ 

AGTAGTCATTTTCTACCTTOTACTAC^ 

CTTCACTGGCMGGGCCCAGAGGACCTGA^ 



SEQUENCE ID NO: 7 



ATGTTACOQGGATCCGCAGGC 



ACAGGGCGATAGTACGGACGCXX3CCGCCCAGGCCGTGCCCAT 



GAGGCGGCGGGACTCCGCACTTCTTCCTTGCAACGGAGCC 
QCTO^CGaXTTTACAGGACTACAACTCCCGT^ 

. . — — M A A W G " C V 

GCOGOQGGGGGGGGCCGCACGCCGTGCACGTGCGCW ATC GCT GCG T3G GGC TCT GTC 



AALGAARGLCWRA A ~ R A "A A G L 
GCT GCG CTC GGC GCG GCG CGT GGG CTT TGC TGG CGG GCG GCG CGC GCG GCT GCG QGG CTC 

QGRPARRCYAVG paqspptf 
CAG GGC CGC CCC GCC CGC AGG TGC TAT GCT GTG GGC COC GCT CAG AGC CCA CCC ACC TTT 

GFLLDIDGVLVRGHRVI PAA 
GGG TTC CTG TTG GAC ATC GAT GGA GTG CTT GTG CGG GGC CAC AGA GTG ATC CCT GCT GCT 

L KAFRR LVNSQGQLHVPVVF 
CTG AAA GCC TTC CGA AGG CTG GTG AAC TCC CAG GGG CAG CTG CGG GTG CCC GTG GTT TTT 

VTN AGNILQHSKAQELSALL 
GTT ACA AAT GCT CGT AAC ATC TTA CAA CAC AGC AAA GCC CAG GAG CTG TCA GCC CTC CT3 

GCEVDADQVILSHSPMKLFS 
GGG TGC GAG GTG GAT GCA GAC CAA GTT ATC CTC TCT CAC AGC CCC ATG AAG CTC TTC TCC 

E YHEKRMLVSGQGPVMENAQ 
GAG TAC CAT GAG AAG CGG ATG CTG GTG TCT GGA CAG GGG CCC GTG ATG GAA AAT GCC CAG 



7 
21 

27 
81 

47 
141 

67 
201 

87 
261 

107 
321 

127 
381 

147 
441 



"SEQUENCE ID NO: 8 



FIG- 10a 
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NVVTVDELRMAFPLL 



167 



GGA CTG GGC TIC CGA MT GTC GTC ACC GTG GAT GAG CTG CGG ATG GCC TTT CCT CTG CTT 501 

DMVDLERRLKTTPLPRNDFP 187 

GAC ATG GTG GAC CTG GAG CGG CGG CTA AAG ACC ACG CCC CTC CCG AQG AAT GAC TTC CCC 561 

RIEGVLLLGEPVRWETSLQL 207 

CGC ATT GAA GGG GTG CTC CTC CTA GGG GAG CCG GTC CGC TGG GAG AOC AGC CTG CAG CTG 621 

IMDVLLSNGSPGAGLATPPY 227 

ATC ATG GAT GTC CTC CTC AGC AAT GGG AGC CCT GGG GCT GGC CTG GCA ACA CCC CCC TAG 681 



HLPVLASNMDLLWMAEAKM 



247 



CCC CAC CTC CCC GTC CTA GCC AGC AAC ATG GAT CTC CTG TGG ATG GCT GAA GCC AAG ATG 741 

PRFGHGTFLLCLETIYQKVT 267 
CCC AGG TTT GGA CAT GGC ACC TTT CTG CTG TGC CTG GAA ACC ATT TAG CAG AAA GTG ACG 801 

GKELRYEGLMGKPS I L T Y Q Y 287 
GGC AAG GAG CTG AGA TAC GAG GGC CTG ATG GGC AAA CCC AGC ATC CTC ACT TAC CAG TAT 861 

AEDLIRRQAERRGWAAPIRK 307 
GCC GAG GAC CTG ATC AGG CGA CAG GCG GAG AGG CGG GGC TGG GCC GCC CCC ATC CGG AAG 921 

LYAVGDNPMSDVYGANLFHQ 327 
CTC TAT GCT GTG GGT GAT AAC CCT ATG TCT GAC GTA TAC GGC GCC AAC CTG TTC CAC CAG 981 

YLQKATHDGAPELGAGGTRQ 347 
TAC CTG CAG AAG GCA ACG CAT GAT GGG GCG CCA GAA CTA GGG GCC GGG GGC ACA CGG CAG 1041 

QQPSASQSCISILVCTGVYN 367 
CAA CAG CCC TCA GCA AGC CAG AGC TGC ATC TCC ATC CTG GTG TGT ACA GGC GTC TAC AAT 1101 

PRN PQSTE PV-ii'GGGE'PPFHG 387 
CCC AGG AAC CCA CAG .TCC ACG GAG OCT GTC CTT GGA GGA GGG GAG CCT CCA TTC CAC GGG 1161 

— ?- - R - D L --C—F-- S P - G L M E A" S H "V " V V D V 407 
CAC CGA GAC TTA TGC TTC AGT CCA GGG CTC ATG GAG GCC TCC CAC GTG GTG AAT GAC GTG 1221 

NEAVQLVFRKEGWA LE* 424 
AAT GAG GCT GTG CAG CIG GTC TTC CGC AAG GAG GGC GAG ^ 

GGGCAGTGCXX5TQGAGGTGAGGGGGTGAGCCTGGACCT 

GCTCAGGTCAGGGCTTGGTTCCCTTGCXIACCCTT^ 

CAGTGACTCTTTTTCCCTGCTGGGTAGCATT^ 

CGTGGCAGTCTAACCTCAGGCX^TTCTCTTC 

GCGGGAGGCAGTGTGGAATACTGTGGATGTCTGTGC^ 

^i^rrAACACCAGATGCTACrT^ 

AATCATAATAAATGTTCATGATGCTGACTC^ 

AGTGAGTGGTGTGGGOGGCCC^GGGTCTGQGAGAT^ 

CCTCCCGCCCCCMCnCCAC^CCCATI^^ 

TATACTTAGCAACTTCCCTGGTGTGGAAAAGAAGAGGGAT^^ 



FIG. 10b 
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CAGTGATTCTAGAAAACATGCCGCTTCTTGCATC 

CACCCATGGCCTCAGCATCTGCi^ 

TAGCTGATGCCTCCCTCCC^^ 

TGGCACGATCATGGCTCACTTGAACCTCCOX^ 

ACATGCCACCACGCC TGGCT AATGTTTTTTTTTTTTTTGG^ 

AACTCTTGGCXTCAAATGATCTGCCTGCCTTGGTC 

rcCTTCCCTCATTOTAAM 

GGAGTCTO^CTCTG^^ 

TTGGTAGAGACG<XX3TTTCGCCAC^ 
CTCAAAGCGCTGGGATTACACX3C 
GTTTTGCTCTTGT^^ 
TTTTTGTC^TCAGCCTC 
GGTA 




rTCTTTCTTTCTTTTTTTTTTT^ 
GGAGTTTTGCTCTTGTTTACCAAGCTGGAGTGCAA 
GCX3ATTCTCCTGCCTCAGCCTC 
TAGTAGAAATGGGGTTTCACTGTTAGC^ 
AAGTGCTGGGATTACAGGCATGAGCTACCGCGCCCGCXX^ 
GGTGTTTA 

GCTGAGTGCTGAGGAGC TGTGC TCATTCCCTCGGTGTA 
ACCTCCTGCTTAACTGTCTTCCCCAGOT 
GTCCTGCTGAGCTCCTCTTAATTTCCCAAGTGAGCTCTGCTAC^ 
CCTGAGCTGTTACAGCCACACTTCATGGCCTCCCTGCX^ 
AGATCACGTGGTCTGTTCTCTGATGAAAGCCCTC 



FIG. 10c 
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■Alpha, Regions - Gamier-Robson 

* A !pha. Ra jiOPf l-rr&n j • : 
DBeta, Regions - Gamier-Robson 

□ Tum, Regions - Gamier-Robson 

3 T um Regions - C!v".o-i : »? n£' 
DCoil, Regions - Gamier-Robson 

QHydrophilicity Plot • Kyte-Doolittle 

■Alpha, Amphipalhic Regions - Eisenberg 

□ Beta, Amphipathic Regions - Eisenberg 

□ Flexible Regions - Karplus-Schutz 



□ Antigenic Index - Jameson-Wolf 



D Surface Probability Plot - Emini 



400 
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Back lo orfanal.cpi 

Analysis of 47007 (423 aa) 



no HMfl hits 



C«5 




I ' I ' I ' i 1 I 1 I » I ' | ' | ' | ' | • | « | • | ' | ' | i | i | i j i | i | i | 
1 41 81 121 1E1 201 241 281 321 3G1 401 



>47007 

MAAWKTVAA1X3AARG LCWRAARAAAGLQGRPARRCYAVG PAQSPPTFGFLLDI DGVLVRG 
HHVTPAALKAPTtRLVNSQGQLRVPVVFV^ 

6 PMKLFS BYHSKRHLVSGQG PVMENAO^IXJPTINVVTVDELRMAFPLLDMVDLERRLKTTP 

LPR^©FPRIEGVLLU^PVRVfETSLQLIMDVLLSNGSPGAGU\TPPYPHLPVIJlS^Dm^ 

WMAEAKMPRFGHGTFtJjCLETIYQKVTGKELRYEGUlGKPS I LT YQY AEDLIRRQAERRG 

WAAPIRKLVA\TCDNPMSD\ryGANLFHQYLQKATHIX^PEW!AGGTRQQQPSASQSCISIL 

VCTGVYNPP^PQSTEPVl^GEPPFHGHRDLCFSPGLMEASHWNDVNEA 

ALB 



PSORT Prediction of Protein Localization 

MITDISC: discrimination of mitochondrial targeting seq 
R content : S Hyd Moment {75) r 2.19 

Hyd Moment (95) : 0.70 G content: 7 
D/E content: 1 s/T content t 2 

Score: -3.43 

Gavel: prediction of cleavage sites for mitochondrial preseq 
_ - RO motif -at 37-- RRCY|a - - ~ 

NUCDISC: discrimination of nuclear localization" signals 
pat4: none 
pot7; none 
bipartite: none 

content of basic residues: 9.9% 
NLS Score: -0.47 

Final Results (k s 9/23): 

34.8 %: nuclear 

26.1 %: mitochondrial 

26.1 %i cytoplasmic 

8.7 %: endoplasmic reticulum 

4.3 4 i vacuolar 



prediction for 47007 is nuc (k=23) 



Start 


End 


Feature | Seq \ 


73 


81 


PTS2: 2nd peroxisomal targeting signal || RLVNSQGQL 



Signal Peptide Predictions for 47007 

Method | Predict j'Score|Mat@ { 




Note: arolno-ltnniaa! 70oi used for signal peptide prediction 



No TM domains predicted by MEMSAT for 47007 



FIG. 12a 
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Transmembrane segments for presumed mature peptide 



Prosite Pattern Matches for 47007 

Prosite version: Release 12.2 or February 1995 

>ESQ!2£C;|PDOC00002|GLYCOSAHIHOGLYCAM Glycosaroinoglycan attachment site. 
RU Additional rules: 

RO* There must be at loast two acidic amino acids (Glu or Asp) from -2 to 

RU -4 relative to the serine. 

Query: 137 SGQC 140 

>£Sflfllifl5|PDOC00005|PKC_PHOSPHO_SITE Protein kinase C phosphorylation site. 
Query: 267 TQK 269 

>PSflflflfifi|PDOC00006|CK2_PHOSPHO^SITE Casein kinase II phosphorylation site. 



Query: 


155 


TVDE 


159 


Query: 


235 


SHMD 


238 


Query: 


267 


TGKE 


270 


>PSQPvQa | PDOC000 08 j MYRISTYL 


Query: 


5 


GCVAAL 


10 


Query: 


11 


GAARCL 


16 


Query: 


216 


GSPCAC 


221 


Query: 


341 


CACGTR 


346 


Query: 


396 


GLNEA5 


401 



>£E2fi2£l | PDOC00418 1 1 SPASE_I_3_ Signal peptidases-1 signature- 3 . 
Query: 303 LYAVGDNPKSOVYG 321 



Protein Family / Domain Matches, HMMer version 2 

Searching Cor complete domains in PFAH 

hmmpfam - search a single seq against HMK database 

HMMER 2.1.1 (Dec 1998) 

Copyright (C) 1992-1998 Washington University School o£ Hedicine 
HMMER is freely distributed under the GNU General Public License (GPL) . 

HH" lilo: /prod/ddm/seqanal/PFAM/pfam4.4/Pfaa 
Sequence file: /prod / ddm/ wspoce / or fanal/oa- script. 87 08. seq 

Query: 47007 

Scores for sequence family classification (score includes all domains) - 
Model Description Score E-value N 

[no hits above thresholds) 

Parsed for domains t 

Model Domain seq-f seq-t hmm-f hmm-t score E-value 



(no hits above thresholds) 

Alignments of top-scoring domains: 
(no hits above thresholds] 

// 

Searching for complete domains in SMART 

hnsnpfam - search a single seq against HHM database FIG. 12b 

HMMER 2.1.1 (Dec 1998) 

Copyright (C) 1992-1998 Washington University School of Medicine 
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HMMER is freely distributed under the GNU General Public License <GPL) . 



H* 04 £il«s /dda/robi son/mare /smart /smart. all. tans 

Sequence file: /prod/ddm/wspace/or£anal/oa-script .8708. see; 

fiuory: 47007 

Scores for sequence family classification (score includes all domains) i 

^ 3cription ' Score E-value N 

[no hits' above thresholds] 
Parsed for domains: 

Model Domain seq-f seq-t hmra-f hmm-t score B -value 



(no hits above thresholds] 

Alignments of top-scoring domains; 

(no hits above thresholds] 

// 



ProDom Matches 



Prodomld 


[Start 


End 


Description 


(Score 


View Prodom 2188- 


49 


150 


SSIP^JSSKSS f PR0TEIN 4-NTTROPHENYLPHOSPHATASE 
SIMILAR SCHIZOSACCHAROMYCES POMBEPNPPASE 
HYDROLASE CHROMOSOME NAGD CARBOHYDRATE 


r 


View Prodom 40027 ' 


120 


367 


fi^JSSHXH YK50( ]) " PROTEIN C22A12.08C CHROMOSOME 
I METI-SIS2 INTERGEN1C REGION 


189 I 


View Prodom 148570 

Prodomld | 


334 
Startf 


388 
Sd 


p99.2 (1) 013335 JYEUCR // ROl 1 

Description 





View Prodom 40027 



>40027 p99.2 (2) 013899(1) YKSO(l) // PROTEIN C22A12.08C CHROMOSOME I 

KET1-SIS2 IN7BRGENIC REGION 
__ Length = 272 — - ----- — — - 

Score « 189 (71.6 bits), Expect = 1.8e-13, P = 1.8e-13 
Identities = 72/262 (27%), Positives = 112/262 (42%) 

Query: 120 HSPMKLFSEYHEKRMLVSGQGP VKQ4AQGLCFRNVVTVDEL RMAPPLLDHVD 171 

K+P ♦ ♦ + K *L C CP V A*G GF++V+ ++ R +p D 

Sbjct: 1 HTPYRALANKY- KHI LALC - GPDNSVRGTAEGYGFQDVI HQTDI I ARYNRPFWPFTGFNE 58 

Query: 172 LERRLKTTPLPRNDFPRIEX3VLL1^EFVRWETSLQLIMDVLLSNGSPGAGLATPPY--PH 229 

♦ ♦ P + V + P W +Q+IMD S L P 

Sbjct: 59 EDI1QYARDFPDLTTRPFDAVFTYND F KDWGADIQI I HDAGNS ENCMLNT LRNEKNCCPD 118 

Query: 230 LFVlASNKDLLWNAEAlO}lPRFGHGTFLLCLETIYQlC/TCK^ 288 
♦ P+ SN DL*W +PRFG G F +C +Y+*+ C+ LR Y4 GKP LTY YA 

Sbjct: 119 ipiy?snqdliwpnpyplprfc«cafricx;rrlykelncepl«nyk--ygkphkltydya 176 

Query: 289 ECLIRRQAERRGWA APIRKLYAVGWPMSDVYGANLPHQYl^KATHDGAPELGAGOT 345 

*u- . ' ** +R G + +KL *° Pf4 M H+ + PE G 
Sbjct: 177 HHILMDWHKRLGCKIGQSVKQKLPLLGTKPIT MPPHEIFMVGDN PESDIRGA 228 

Query: 346 RQQQPSASQSCISILVCTCVYN 3S7 

SC LV TG+YN 
Sbjct: 229 NNY— CWNSC— LVRTGIYN 244 



View Prodom 2188 



>2188 p99.2 (24) PNPP<2> // PROTEIN 4 -NITROPHENYLPHOSPHATASB SIMILAR Vjn 10 

SCHIZOSACCHAROMYCES POMBE PNPPASE HYDROLASE CHROMOSOME NACD CARBOHYDRATE 
Lena th b 114 "*"* 



Length « 149 

Score * 99 (39.9 bits), Expect = 0.0011, P = 0.0011 
Identities = 31/107 (28%), Positive « S4/107 (50%) 
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Query: 49 FLLDIDCnaVTOHRVIPAALKAFRRL^^ log 

. FL D*DGVL G IP A +A L+ +G* ++FVTN + A**L+ L 

Sb 3 Ct: U F LFDLDCVLWLGDEPI PCAAEAIN - LLKERGK - - - QI IFVTCNSTKSREQYAEKLNKLGI 66 

Query: It) 9 CEVDADQVILSHSPN KLFSEYHBKRMLVSGQGPVMENAQGLO ISO 

Sbjct: 67 NEVEEOVIVSAGMATAVYKinCUCKHYPGIQCVYVIGEEGLVDELENVG 113 



View Prodom 148570 



>148570 p99.2 (1) 013335JIEUCR // ROIX 
Length = 128 

Score a 72 (30.4 bits). Expect = 1.9. P a 0.86 
Identities = 23/55 (41%) , Positives = 28/55 (50%) 

Query: 334 HIX3APELGAGGTRQQQPSASQSCISILVUTGVYNPRNPQSTEP^>GGGEPPFHGH 388 

H G P G+GG R+Q S+S S S* TG + R OS LG G HGII 
SltfCt: 55 HTGIPIPGS3GHRR0SGSSSASRSSV TGSLSLRR-QSNAAALGHG KGH 101 



HG. 12d 
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Input file Fbh42967Fl.seq ; Output File 42967. trans 
Sequence length 602 



QOOGCCOQGGCAQGTAOGOGQQGAA ATC CAA AAA AAT CAR ATC AAT TTA ATA GAA TAC ATC AGA 

D V K D F P I^PTWH, KDISPLLA 
GAT GTT AAA GAT TTC CCA ATT GAA GGG ATT GTA TTT AAA GAT ATT TCA CCA CTT TTA GCA 



13 SEQUENCE ID, (TO: 10 

39 SEQUENCE ID N0: 9 

33 
99 



NGEVLNYTINQMAELAKDAD 53 
AAT GGA GAA GTG CTA AAT TAC ACA ATT AAT CAA ATG GCT GAG TTA GCT AAA GAT GCA GAT 159 

VIIGPDARGPLFGTPTAAPL 73 
GTT ATT ATA GGT CCA GAC GCA AGA GGT TTC TTG TTT GGG ACA CCT ACT GCA GCT TTT TTA 219 

KKPPIMVRKPKKLPGDVISF 03 
AAA AAA CCT TTT ATT ATG GTA AGA AAA CCT AAA AAA TTA CCA GGA GAC GTT ATT AGT TTT 279 

EYDLEYGKSTLEIQTNMLKK113 
GAG TAT GAT TTA GAA TAT GGT AAA TCA ACT CTA GAA ATC CAA ACT AAT ATG TTG AAA AAA 339 

GQKVAIIDDVLATGGTM KAI133 
QGC CAA AAA GTA GCA ATT ATT GAT GAT GTT TTA GCT ACT GGC GGA ACA ATG AAA GCG ATT 399 

INtlBSQGA VVHKVIFLl,ELl';il 
ATT AAC TTA ATC GAA TCT CAA GGT GCT GTT GTT CAT AAA GTA ATC TTT TTA CTT GAA TTA 459 

GFLNGIEKL KKYD 'VSSLIKV 173 
GGA TTT TTA AAC GGA ATT GAA AAA CTT AAA AAA TAT GAC GTT AGC TCA TTA ATT AAA GTT 519 



SEQUENCTIPNOOS 



174 
522 



CCCTATRC-RAGTCGtOCGG 



FIG. 13 
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■ Alpha, Amphipalhic Regions - Eisenbarg 
4^1 I ID II Q Beta, Amphipathic Regions - Eisenberg 

D Flexible' Regions - Karplus-Schulz 



□ Antigenic Index - Jameson-Wolf 
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BncktOOrfnn^cpi 

Analysis of 42967 (173 aa) 

no mutnipltran 




| < | i I • | > | l ( i | . | i , i 
1 41 81 121 181 



>42967 

RGFLFGTPTAAFLKKPPIMVRKPKXLPGWISFEYT)LI^^ I 
KmATC^MKAII^IESQGAVVHIWrFLLELOFI^GIEXLXKYDVSSLIKV 



PSORT Prediction of Protein Localization 

KITDISC: discrimination of mitochondrial targeting getj 
R content: 1 Hyd Horaent (75) : 6.54 

Hyd Moment(95) : 6.43 G content: 0 
D/E content: 2 s/T content: 0 

Score: -5.04 

Gavel: prediction of cleavage sites for mitochondrial preseq 
cleavage site motif not found 

WUCDISC: discrimination of nuclear localization signals 
pat4: RKPK (4) at 81 
pat4: KPKK (4) at 82 
pat7: none 

bipartite;, none ._ — 

content of basic residues! 12.7% 
nls Score: 0.03 

er Membrane Retention Signals: 

KXXX-liko motif in the C-terrainus: SLIK 

Final Results [k - 9/23): 

43.5 %: nuclear 
34.8 %: cytoplasmic 
13.0 %: mitochondrial 
4.3 %: vacuolar 

4.3 %: vesicles of secretory system 
prediction for 42967 is nuc (k«23) 




Signal Peptide Predictions for 42967 



Method 


Predict 


Score 


Mat® j 


SigoalP (etikaryote) 


NO 







Note: amlno-termlnal 70aa osed Tor signal peptide prediction 



No TM domains predicted by MEMSAT for 42967 



FIG. 15a 
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Prosite Pattern Matches for 42967 

Prositt version; Release 12J of February 199S 

>£Sfiim|PDOC0000l|ASN_CLYCOSyiATION N-glycosylation site. 
Query: 39 NYTI 42 

>££2flfifl£|PDOC00005|PKC_PHOSPHO - SITE Protein kinase C phosphorylation site. 
Query: 129 TMK 131 

>£Sj2Cfififi|POOc00006|CK2„PHOSPHO_SlTE Casein kinase II phosphorylation site. 
Query i \02 STL8 105 

>£S2J2flflS|PDOC00008|KYRISTYL N-myristoylation site. 

Query: 66 GTPTAA 
Query: 114 GQICVAI 119 
Query: 128 GTMKAI 133 



Protein Family / Domain Matches, HMMer version 2 

Searching for complete domains in PFAM 

hump Earn - search a single seq against KMM database 

HMMER 2.1.1 (Dec 1998) 

Copyright <C) 1992-1998 Washington University School of Medicine 
HMMER is freely distributed undor the GNU General Public License <CPL) . 

HMM file: /prod/ddm/8eqanal/PFAM/pfam4 .4/Pfam 

Sequence file: /prod/ddm/wspace/orfanal/oa-script.8662.seq 

Query: 42967 

Scores for sequence family classification iscore includes all domains): 
Model Description Score E-value N 



?rifr?fiylr.r?n Phosphoribosyl transferase domain 130.1 4.2e-33 

Parsed "for" domains : 

Model Domain seq-f eeq-t hmm-f hmm-t score E-value 



Pribosyltran 1/1 23 171 . . 1 160 U 130.1 4.2e-3S 

Alignments o£ top-scoring domains: 

Pribosyltran: domain 1 of 1, from 23 to 171: score 130.1, E » 4.2e-35 
*->pyf fditkllippellraiarelaeiik. . . .wCpdagGvpfaaal 
+>f+di *11 4 e+1 + ♦ +ae k« + ++Gpda*G++f+*+ 

42967 23 pfFRDISPLIANGEVUTCTIHQMAELAKdadvIIGPDARGFLFGTPT 69 

AdaLgvp fvpvrKensagklpl a I irkrsyakeygtgeqesevgl i egvg 
A L+ pf+ vrK *+klp-f*+i + +y++eyg+ -f+e+* 
42967 70 AAFLKKPPIMVRK— PKKLPGDVI-SPBYDLEYGX STLEIQT 108 

dvggdierpGkrVliVDDvidTGgTilaaaelLkeagpGakvvgvavlvd 
♦ ♦ +G+*V i*DDv*+TGgT++a4-++l++ Ga4v *v++l++ 
42967 109 KMLK KGQKVAIIDDVtATGGTMKAI IRLIESQ- - G A WHKV I F LLE 152 

rpeggarer. .vesllwd<-* 
+++♦■+4+0+ ♦ +++ + 
42967 153 LGFLRGIEKlkKYDVSSLI 171 

n 

Searching for complete domains in SMART 

hmmpfaxn - search a single seq against HMM database 

HMMER 2.1.1 (Dec 1998) 

Copyright IC> 1992-1998 Washington University School of Medicine FIG. 150 

HMMER is Ereely distributed under the GNU General Public License (GPL) . 

KMM file: /ddm/robison/smart/smart/smart .all .hmms 

Sequence filei /prod/ddm/wspace/orf anal /oa- script .8662. seq 

Query: 42967 

Scores for sequence family classification (score includes all domains): 
Model Description Score E-value N 



34/46 



WO 01/64904 



PCT/US01/06463 



Ino hits above thresholds J 
Parsed for dona ins: 

Model Domain aeq-f seq-t hmm-JC hrnn-t 



[no hits above thresholds] 

Alignments at top-scoring domains: 
[no hits above thresholds] 



ProDom Matches 



Prod o mid 


(Start 


(End 


Description 


Score] 


View Prodom 168 


25 


163 


PPvrUSWSlP P^ 22 ) «PRT( 1 8) // TRANSFERASE 
GLYCOSYLTRANSFERASE PHOSPHORIBOSYLTRANSFERASE 
PURINE SALVAGE BIOSYNTHESIS MAGNESIUM ADENINE 
OROTATE PHOSPHORIBOSYL 


— 

203 


View Prodom 125692 \ 


111 


165 


p99.2 (1) Q38I26JBPR1T/7 ORF40 




Prodomld 


Start| 


End) 


Description 


Score|{ 



View Prodom 168 



>168p99.2 (198) APT(22) PYRE(22) HPRTUB) // TRANSFERASE GLYCOSYLTRANSFERASE 
PHOSPHORIBOSYLTRANSFERASE PURINE SALVAGE BIOSYNTHESIS MAGNESIUM ADENINE 
OROTATE PHOSPHORIBOSYL 
Length - 221 

Score - 203 (76.5 bits), Expect - 9.7e-17, p = 9.7e-17 
Identities * 55/153 (35%). Positives = 87/153 (56%) 

Query: 25 FKDtSPLLANGEVXNYTINQMAELAK DAOVIIGPOARGFLFGTPTAAFLKXPF 77 

F DI+PLL++ E+L ++AB K + DVI+GPDA G F A L PF 

Sbjct: 14 FMDITP LLS D PELLRM IAEELAEYYKSKNSAEM ENDVIVCPDAXJGIPFAAALADKLGVPF 73 

Query: 78 IMVHUCP-KKLPGDVIS-FEYDLEYG-KSTLBIQTNMLKK GQKVAIIDDVLATOGTMR 131 

♦+VRX KLP IS +B + E+G ++ +E++ + G+ V H-DD+* TGGT+ 

Sbjct: 7fi VLVR^GMKLPAVTISSYRKEJCEHGNEAQIEVEVESIVGDv^KNVirV^ 133 

Quary^ 132 AIINLI^QGAV-VHKVIFLLELGFLNGIEXLK 163 ~- '"" ' 

A ♦ L++ +GA V + L+E G+E *K 
Sbjct: 134 AAVELLKERGAKEWACVILIERSB-R3VEBIK 165 



view Prodom 125692 



>125692 p99.2 (1) Q38126_BPR1T // ORF40 
Length a 213 

Score * 71 (30.1 bits). Expect =» 2.5. P » 0.92 
Identities - 21/57 (36%). Positives = 33/57 (57%) 

Query: 111 IJ^GQ— KVAIIDWIJ\TGGT>IKAIINLIESQGAVVHKVIFLLEU^LNGIEKLl^ 165 

LK C KVA I V*ATG + ♦!+ S+GA + ♦ + +R p + +K+KKY 
Sbjct: 40 I^IGSAL^AAIAGWATGAAI^KLISSSLSEGADI^QSUK^ETLFKDNADJO/KKY 96 



PIG. 15c 



score E-value 
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